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State  of  New  York 


IN  ASSEMBLY 

January  14,  1907. 


TWENTY.FIFTH  ANNUAL  REPORT 


BOARD  OF  CONTROL  OF  THE  NEW  YORK 

AGRICULTURAL  EXPERIMENT 

STATION 


STATE  OF  NEW  YORK: 
Department  of  Agriculture, 

Albany,  N.  Y.,  January  14,  1907, 
To  the  Assembly  of  the  Stale  of  New  York: 

I  have  the  honor  to  herewith  submit  the  Twenty-fifth  Annual 
Report  of  the  Director  and  Board  of  Control  of  the  New  York 
Agricultural  Experiment  Station  at  Geneva,  N.  Y.,  in  pursuance 
of  the  (revisions  of  the  Agricultural  Law. 
I  am,  respectfully  yours, 

CHARLES  A.  WILTING, 

Commissioner  of  Agriculture. 
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NEW  YORK  AGRICULTURAL  EXPERIMENT  STATION. 
Geneva,  N.  Y.,  January  i,  1907. 
Hon,  Charles  A,  Wieting,  Commissioner  of  Agriculture,  Albany, 
N.  Y.: 
Dear  Sir. — I  have  the  honor  to  transmit  herewith  the  report 
of  the  Director  of  the  New  York  Agricultural  Experiment  Station 
for  the  year   1906,  in  accordance  with  the  provisions  of  chapter 
439,  Laws  of  1904, 

Yours  respectfully, 

S.  H.  HAMMOND, 

President,  Board  of  Control. 
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1906. 

ORGANIZATION  OF  THE  STATION. 


BOARD  OF  CONTROL. 
Governor  Frank  W.  Hicgins,  Albany. 
Commissioner  Charles  A.  Wieting,  Albany. 
Stephbh  H.  Haumohii,  Geneva. 
Lyhan  p.  Haviland.  Camden. 
Edgar  G.  Dusenbory,  Portville. 
Thomas  B.  Wilson,  Hails  Corners. 
MiLO  H.  Olin.  Perry. 
Irhng  Rouse,  Rochester. 
Alfred  G.  Lewis,  Geneva. 

OFFICERS  OF  THE  BOARD. 
Stephen  H.  Hammond,  Wiu.tAM  O'Hanlon, 

President  Seertiary  a> 

EXECUTIVE  COMMITTEE. 
Stephen  H.  Hamuokd,  Lyman  P.  Haviland, 

Thomas  B.  Wilson. 


STATION 
Whitman  H.  JoRDA^ 
George  W.  Churchill, 

Agriculturist  and  Superintendent 

WitiiAM  P.  Wheeler, 

First  Assistant   iAnimal  In- 
dustry), 
Fred  C.  Stewart,  M.  S., 

Botanist. 
'Harry  J.  Eustace,  B.  S., 
■H.  Talbot  French,  B.  S.. 

Assistant  Botanists. 
Luaus  L.  Van  Slyke,  Ph.  D„ 

Chemist. 
•Edwin  B.  Hart, 

Associate  Chemist. 
Ernist  L  Baker,  B.  S., 
Alfreh  W,  Bosworth,  B.  S., 
•WiLUAM  E.  Tottingham,  B.  S., 

Arthur  W.  Clark,  B.  S., 
•Anton  R.  Rose,  B.  S., 

Assistant  Chemists. 
Harry  A.  Harding,  M.  S., 

Bacteriologist. 
Martin  J.  Prucha,  Ph.B., 
•James  WasoN,  B.  S.. 

Assistant  Bacteriologists. 


'Resigned  November  I,  1506. 
'Appointed  July  16,  1906. 
•Resigned  October  i,  1906. 
'Resided  September  15,  1906. 
'Appointed  February  I,  1906. 
'Appointed  July  15.  1906. 


STAFF. 
N.  Sc.  D.,  Director. 
GEtffiGE  A.  Smith, 

Dairy  Expert. 
Frank  H.  Hall,  B.  S., 

Editor  and  Librarian. 
Pehcival  J.  Parrott,  M,  A., 

Enlomologist. 
Harold  E.  Hodckins,  B.  S., 
'William  J.  Schoene,  B.  Agr.. 

Assistant  Entomologists. 
Ulysses  P.  Hedbick,  M.  S., 

Horlicullurisl. 
Nathaniel  O.  Booth,  B.  Agr., 
'Richard  Wellington,  B.  S., 

Assistant  Horticulturists. 
Omin  M.  Taylor, 

Foreman  in  Horticulture. 
'F.  Atwood  Sixbine,  M,  S„ 

Special  Agent. 
Frank  E.  Newton, 
Jennie  Tehwilliger, 
■"Geobge  a.  Menard, 
"Willahd  F.  Patchin. 

Stenographers. 
Adin  H.  Horton, 

Computer  and  Mailing  Clerk. 
Julia  A.  Hoey, 

Junior  Clerk. 

'Appointed  July  7.  1906;  previously 
Student  Assistant  in  EntonioloRy. 

'Appointed  July  15,  igo6. 

•Riverhead,  N.  Y. 

"Appointed  June  I.  1906;  resigned 
September  15,  1906. 

"Appointed  November  22,  igod 


,i.db,Googlc 


TABLE  OF  CONTENTS. 


PAd 

Treasurer's  Report I 

Director's  Report  7 

Report  of  the  Department  of  Animal  Husbandly: 

The  Bang  method  of  controlling  tuberculosis 27 

Metabolism    and    physiological    effects   of   phosphorous    compounds 

with  milch  cows  56 

The  King  system  of  stable  ventilation 106 

Department  of  Bacteriology : 

The  quality  of  commercial  cultures  for  legumes  1906 107 

Department  of  Botany : 

Potato  spraying  experiments  in  1905 II9 

Outbreak  of  the  European  currant  rust 188 

Department  of  Chemistry:. 

The  action  of  acid  on  casein 203 

Hydrolysis  of  sodium  salts  of  casein 278 

Department  of  Entomoli^y : 

Commercial  miscible  oils  for  treatment  of  the  San  Jose  scale 289 

The  apple  and  pear  mites 297 

Department  of  Horticulture; 

Apple  districts  of  New  York  with  varieties  for  each 337 

Varieties  of  strawberries,  with  cultural  directions 398 

Varieties  of  raspberries  and  blackberries,  with  cultural  directions 415 

Renovation  of  worn-out  orchards 449 

Periodicals  received  during  1906 4^3 

Meteorological  records  for  1906 460 


tix] 


,i.db,Googlc 


,i.db,Googlc 


Twenty-Fifth  Annual  Rf.port 

Board  of  Control  of  the  New  York  Agricultural 
Experiment  Station. 


TREASURER'S  REPORT. 


Geneva,  N.  Y.,  October  i,  1906. 
To  the  Board  of  Control  of  the  New  York  Agricultural  Experiment 
Station: 
As  Treasurer  of  the  Board  of  Control,  I  respectfully  submit  the 
following  report  for  the  fiscal  year  ending  September  30,  1906: 

Maintenance  Fund — Necessary  Expense. 
Receipts. 
1905.  APPROPRIATION  1905-1906,  Dr, 

Oct,         I.  To  balance  on  hand $20  00 

Amount  received  from  Comptroller 15,000  00 

$15,020  00 

Expenditures.  Cr. 

By  building  and  repairs $138  13 

;                    By  chemical  supplies 359  18 

By  contingent  expenses 2,222  07 

By  feeding  stuffs 781  47 

By  fertilizers  234  94 

;                     By  freight  and  express 208  68 


Report  of  the  Treasurer  of  the 

By  furniture  and  fixtures $1.2^4  21 

By  heat,  light  and  water 711   13 

By  library    1,092  50 

By  live  stock 332  00 

By  postage  and  stationery oiSii 

By  publications 2.629  ^3 

By  scientific  apparatus 35  58 

By  seeds,  plants,  and  sundry  supplies. .  i,S>>4.  22 

By  tools,  implements,  and  machinery. . .  471  60 

By  traveling  expenses 1.867  11 

Balance,  October  i,  1906 04 


$15,020  00 

General  Expenses — Heat,  Light,  Water, 
Repairs,  Etc. 
1905.                                  Receipts. 

Oct         I.  To  amount  on  hand 

To  amount  received  from  Comptroller 

Apparatus, 

Dr. 

$44  51 
4.000  00 

$4,044  SI 

Expenditures. 
By  buildings  and  repairs 

Cr 

18  00 
315  25 
18944 
2.35+  17 
64  45 
21  23 
I  90 
44  51 

By  contingent  expenses 

By  scientific  apparatus   

By  seeds,  plants,  and  sundry  supplies. 
By  tools,  implements,  and  machinery. 
Balance,  October  i,  1906 

$4,044  5' 
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Special  Fund — Horticultural  Investigations. 
1905.  Receipts,  1905-1906.  Dr. 

Oct.        I.  To  balance  on  hand $6  22 

To  amount  received  from  Comptroller.  8,000  00 


$8,006  22 


Expenditures.  Cr. 

By  chemical  supplies $0  10 

By  contingent  expenses i>036  95 

By  fertilizers 37  00 

By  freight  and  express 20  04 

By  postage  and  stationery 18  70 

By  publications  419  63 

By  salaries  5.632  39 

By  scientific  apparatus   li  45 

By  seeds,  plants,  and  sundry  supplies. .  118  9^ 

By  tools,  implements,  and  machinery, . ,  10  5ft 

By  traveling  expenses  482  91 

Balance,  October  i,  1906 217  52 


8,006  22 


Fertilizer  Inspection, 

1905.                                     Receipts.  Dr. 

Oct.         I,  To  balance  on  hand $1,805  9° 

To  Balance  in  State  Treasury 3,000  00 

To  amount  received  from  Comptroller.  9,000  oo 


>  1 3,80s  90 


Expenditures.  Cr. 

By  chemical  supplies $449  65 

By  contingent  expenses 6  94 

By  feeding  stuffs  2  70 

By  freight  and  express 224.  98 

By  heat,  light,  and  water 4^3  87 

By  library   , ,  1 ,  v  .ut.  n^ 
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By  postage  and  stationery $26  70 

By  publications 1,640  44 

By  salaries  6,879  3° 

By  seeds,  plants,  and  sundry  supplies..  t  40 

By  traveling  expenses  ^-233  23 

Balance,  October  i,  1906 2,916  19 


$13,805  90 


<(Four  thousand  dollars  with  \,  Y,  State  Treasury.) 

Concentrated  Feeding  Stuffs  Inspection. 

11905.                                     Receipts.  Dr. 

(Oct.         I .  To  balance  on  hand $582  30 

To  amount  received  from  Comptroller. .  3,500  00 


$4,082  30 


Expcndit  u  res.  Cr, 

By  contingent  expenses $7  60 

By  freight  and  express 86  50 

By  heat,  light,  and  water 59  63 

By  postage  and  stationery 38  30 

By  publications   629  00 

By  salaries  i  ,645  00 

By  seeds,  plants,  and  sundry  supplies. .  2  90 

By  traveling  expenses  505  47 

Balance,  October  i,  1906 1,107  9° 


$4,082  30 
Salaries.  ' 

Receipts. 
1905.  afpropriatioNj  1905-1906.  Dr. 

Oct.         I.  To  balance $1427  46 

To  amount  received  from  Comptroller. .  23,000  oo 

$24,427  46 
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Expenditures.  Cr. 

1905-6.        By  salaries $23,591  76- 

Balance,  October  i,  igo6 835  70- 

$24^7  ^. 
Labor.  t—  ^-.    ■    .  ^^ 

Receipts. 

1905.  APPROPRL\TION,    I905-I906.  Dr. 

Oct.        1.  To  balance  1^79  3n 

To  amount  received  from  Comptroller.  13-000  ooi 

$14,279  3B 

Expenditures.  Cr. 

1905-6.       By  salaries  $12,278  32- 

Balance,  October  i,  1906 2,000  99- 

$14,279  3^ 

1905.                             Insurance  Money.  Dr. 

Oi ..         I.  To  balance $187  07- 

E.rpenditures.  Cr. 

By  tools  and  machinery $ir>5  oo-- 

Balance,  October  i,  1906 22  07 

$187  07- 
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APPROPRIATION,    I905-I906,  Dr. 

To  receipts  from  the  Treasurer  of  the 
United  States  as  per  appropriation  for 
fiscal  year  ended  June  30,  1906,  as  per 
act  of  Congress,  approved  March  2, 
1887  $1,500  ot> 


uy, 
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By  salaries 

By  publications  

By  postage  and  stationery 

By  freight  and  express 

By  chemical  supplies  

By  seed,  plants,  and  sundry  supplies. 

By  feeding  stuffs  

By  library   

By  live  stock , 

By  traveling  expenses 

By  contingent  expenses   

By  balance,  October  i,  1906 , 


Adams'  Fund — New  York  Agricultural  Experiment 
Appropriation,  1905-1906. 
To  receipts  from  the  Treasurer  of  the 
United  States  as  per  appropriation  for 
fiscal  year  ending  June  30,  1906,  as 
per  act  of  Congress,  approved  March 
16,  1906 $500  00 


Cr. 

*909 

49 

20s  40 

55 

20 

49 

65 

12 

75 

5 

68 

39 

80 

88 

44 

I 

SO 

8 

02 

121 

84 

' 

23 

$1,500 

00 

MENT  StATIOH — 

Dr. 

Cr. 

By  postage  and  stationery $0  01 

By  chemical  supplies  499  99 


$500  00 


All  expenditures  are  supported  by  vouchers  approved  by  the 
Auditing  Committee  of  the  Board  of  Control  and  have  been  for- 
warded to  the  Comptroller  of  the  State  of  New  York. 

WILLIAM  O'HANLON, 

Treasurer, 


DIRECTOR'S  REPORT  FOR  1906.' 


To  the  Honorable  Board  of  Control  of  the  New  York  Agricultural 
Experiment  Station: 

Gentlemen. — At  the  close  of  the  year  1906  I  again  nave  the 
honor  and  privilege  of  presenting  my  annual  report  concerning  the 
work,  condition,  and  needs  of  the  institution  under  your  charge. 

The  activities  of  the  Station  have  not  diminished  in  their  scope, 
which  is  broad,  nor  have  they  lessened,  it  is  to  be  hoped,  in  their 
importance  to  agricultural  practice.  The  continued  approval  of 
the  Station  efforts  by  the  agricultural  public  is  a  reasonable  assur- 
ance that  our  work  is  regarded  as  helpful.  It  gives  me  great 
pleasure  to  report  that  the  condition  of  the  Station  is  gratifying 
as  to  the  personnel  of  its  staff  and  the  character  of  its  equipment. 
As  to  needs,  it  is  to  be  said  that  the  institution  is  still  in  the  process 
of  development  and,  therefore,  real  needs  exist  if  there  is  to  be 
progress  in  efficiency  and  completeness  of  organization.  In  pre- 
senting these  matters  to  your  consideration,  I  am  acting  under  the 
conviction  that  I  am  merely  fulfilling  my  duty  to  you  and  to  the 
people  of  the  State,  After  you  have  made  the  recommendations 
which  in  your  judgment  appear  to  be  wise,  it  remains  for  the  people 
to  determine,  through  their  representatives  in  the  law-making  body, 
what  measures  shall  be  adopted. 

ADMINISTRATION. 

CHANGES    IN   THE  STATION    STAFF. 

During  the  past  year,  the  various  agricultural  colleges  and  experi- 
.ment  stations  in  other  states  have  displayed  their  usual  activity  in 
seeking  for  men  with  whom  to  strengthen  their  staffs  and  in  con- 
sequence several  members  of  the  Station  staff  have  accepted  posi- 
tions elsewhere. 

Mr.  Edwin  B.  Hart,  who  was  connected  with  the  Giemicai 
Department  of  the  Station  for  nine  years,  was  called  to  the  respon- 
sible position  of  Professor  of  Agricultural  Chemistry  and  Chemist 

•A  corrected  reprint  of  Bulletin  No.  284.  r ;  irji,,  v^jtmvlc 
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to  the  experiment  station  of  the  University  of  Wisconsin.  This 
call  came,  without  question,  in  consequence  of  the  high  character 
of  the  work  which  Mr.  Hart  had  accomplished  during  his  connec- 
tion with  us  and  is  a  worthy  recognition  of  the  value  wliich  the 
experiment  stations  are  coming  to  place  upon  unmistakeable  evi- 
dences of  research  ability. 

Mr.  William  E.  Tottingliam,  whose  connection  with  the  chemical 
work  of  the  Station  had  been  brief  but  entirely  saiisfacrory,  was 
also  elected  to  the  position  of  instructor  in  the  University  of  Wis- 
consin. 

Mr.  Harry  J.  Eustace,  who  has  been  connected  with  the  botanical 
work  of  the  Station  since  July  r,  1901,  accepted  a  position  in  the 
U.  S.  Department  of  Agriculture.  This  appointment  came,  as  was 
the  case  with  Mr.  Hart,  as  a  merited  recognition  of  efficient  and 
highly  satisfactory  service. 

Because  of  the  present  demand  for  men  wlio  are  properly  fitted 
to  take  up  experiment  station  work,  these  vacancies  are  not  yet 
filled,  but  steps  have  been  taken  for  so  doing. 

The  increased  funds  placed  at  the  disposal  of  the  Station  by 
the  Legislature  of  1906,  has  made  possible  the  following  additions 
to  the  Station  staff  with  a  view  to  a  tnalerial  increase  in  the  experi- 
ments and  demonstrations  that  are  being  made  ali>n}j  various  lines 
in  different  parts  of  the  State: 

G.  Talbot  l-'rcnch,  li.  S..  .\ssistant  Botanist,  a  graduate  of  the 
Massachusetts  Agricultural  CollcgL-. 

James  Wilson,  E.  S.,  -Assistant  Bacteriologist,  a  graduate  of  the 
Oklahoma  Agricultural  and  Mechanical  College. 

Richard  Wellington,  B.  S,,  Assistant  Horticulturist,  a  graduate 
of  the  Massachusetts  Agricultural  College. 

William  J.  Schoene,  B.  Agr.,  Assistant  Entomologist,  a  graduate 
of  the  Agricultural  and  Mechanical  College  of  Kentuckj. 

MAINTENA.NCE  FUNDS. 

In  accordance  with  your  action,  the  Legislature  of  1906  wa> 
asked  to  increase  the  maintenance  funds  of  the  institution  by  the 
sum  of  $25,000.  After  a  careful  and  very  friendly  consideration  of 
the  request  by  the  legislative  committees  having  the  finances  of 
the  State  in  charge,  it  was  decided  that  an  increase  of  $10,000  was 
all  that  the  situation  would  justifv,  a  result  which  was  acccnle;! 


New  York  Agricultural  Experiment  Station.  9 

by  all  friends  of  the  Station  as  giving  evidence  of  a  spirit  of  con- 
fidence in  our  institution.  The  various  funds  tliat  were  appro- 
priated for  the  maintenance  of  the  Station  during  the  fiscal  year 
beginning  October  i,  1906,  were  as  follows: 

Salaries  $28,000 

Labor 13,000 

Expenses  of  various  departments  of  research 20,000 

General  expense,  heat,  light,  water,  apparatus,  repairs,  etc.       4,000 

Expense  of  horticultural  investigation 8,000 

Fertilizer  inspection 10,000 

Feeding  stuffs  inspection 3-500 

By  action  of  your  Board  the  Legislature  is  to  be  asked  to  appro- 
priate the  same  sums  for  the  fiscal  year  beginning  October  i,  1907. 
While  larger  amounts  of  money  could  he  efficiently  and  profitably 
used,  it  is  felt  that  the  constituency  of  the  Station  should  be  given 
convincing  evidence  that  the  increase  with  which  we  have  just 
been  favored  is  being  used  to  good  advantage  before  asking  for 
any  further  endowment. 

MAILI.VG    LIST. 

The  growth  of  the  mailing  list,  though  not  now  as  rapid  as  at 
some  times  in  the  past,  has  continued  steadily  during  the  year 
1906.    The  number  of  names  on  this  lisl  is  now  as  follows: 

BuLLiiTi.v  Lists,  Decemhek   15,   lyi/i. 
Popular  Bulletins, 

Residenis  of  New   York i(>.m> 

Residents  of  other  slatoa ^.3.U 

Newspapers 757 

Experiment  stations  and  tlicir  staffs i.rK? 

IklJscHlaiieous i.)i 


Complete  Bulletins. 

Experiment  stations  and  tlieir  staffs I.187 

(..ibraries.   seictitisis,  etc. 170 

T'oroiKti  list 262 

Imllvidnals       ...........  3.T73 

Aliscellancods 13I 
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TWENTY-FIFTH    ANNIVERSARY   OF   STATION'S   ESTABLISHMENT. 

On  March  i,  1907,  this  institution  will  have  completed  twenty- 
five  years  of  organized  existence.  It  is  purposed  to  prepare  a 
review  of  the  history  of  the  Station  and  what  it  has  accomplished 
in  the  interests  of  agriculture  during  this  period,  to  be  presented 
to  the  Legislature  as  a  part  of  the  Annual  Report  for  1906. 

It  seems  desirable,  also,  that  the  twenty-fifth  anniversary  of  the 
Station  should  otherwise  be  noticed  in  some  special  manner.  Such 
an  occasion  would  give  an  opportunity  for  assembling  our  friends 
and  for  bringing  to  the  notice  of  the  public  and  of  the  leading 
men  of  the  State  the  results  we  have  accomplished  and  our  plans 
for  the  future.  An  event  of  this  kind  can  be  made  a  source  of 
inspiration  to  those  who  bear  the  responsibilities  of  the  Station 
management  and  a  means  of  enlarging  public  appreciation  of  the 
services  that  we  are  able  to  render.  My  recommendation  that 
plans  be  perfected  for  holding  anniversary  exercises  at  some  date 
in  May  or  June  of  1907,  having  been  adopted  by  you,  measures 
are  now  being  taken  in  preparation  for  this  event. 

ADDITIONS  TO  THE  BUILDING  EQUIPMENT. 

It  is  a  matter  for  congratulation,  I  am  convinced,  that  your 
Board  has  decided  to  ask  for  funds  with  which  to  make  additions 
to  the  building  equipment  of  the  Station.  The  sum  which  the 
State  has  so  far  invested  in  buildings  on  the  Station  grounds  is 
less  than  $150,000,  which,  is  little  more  than  half  what  some 
states  have  appropriated  to  a  single  building  for  the  uses  of  agri- 
cultural investigation  or  instruction.  There  appears  to  be  no  reason, 
then,  why  you  should  hesitate  about  urging  a  generous  increase  to 
our  building  equipment. 

An  auditorium. — So  far  in  its  history  the  Station  has  suffered 
the  disadvantage  quite  unusual  to  institutions  of  this  class,  of  not 
having  on  its  grounds  an  auditorium  where  audiences  of  any  con- 
siderable size  can  meet.  Such  assemblages  as  have  met  with  us 
have  held  their  sessions  either  in  the  open  air  or,  as  was  the  case 
or.  one  occasion,  under  a  large  tent.  This  fact  has  placed  limita- 
tions upon  our  relations  to  the  public  and  in  view  of  the  enlarging 
responsibilities  of  the  institution,  constitutes  a  disadvantage  that 
is  increasingly  evident.     There  are  several  agricultural  organiza- 
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bpns  in  the  State  that  would  meet  with  us  occasionally  and  prob- 
ably  s<xne  would  be  glad  to  make  our  grounds  a  permanent  meet- 
ing place.  The  means  are  few  by  which  we  could  more  effetctively 
tving  the  public  into  an  intelligent  touch  with  our  work.  This  is 
true  not  only  of  agriculture  but  of  the  educational  efforts  of  the 
schools  to  which,  I  believe,  this  Station  will  in  time  come  to  sustain 
much  closer  relations. 

Additional  dwelling  houses. — Your  decision  to  continue  the  polity 
of  erecting  dwelling  houses  on  the  Station  grounds  for  the  accom- 
modation of  members  of  the  staff  is,  I  believe,  a  wise  one.  It  is 
a  lamentable  fact  that  in  the  past  the  Station  has  lost  several  able 
men  because  of  the  larger  attractions  offered  by  other  states.  JusI 
now  the  rapid  growth  of  the  United  States  Department  of  Agri- 
culture and  the  general  increase  in  station  funds  as  provided  by 
the  Adams  Act  are  causing  an  active  search  among  the  altogether 
too  scanty  number  of  well  equipped  men  for  material  with  which 
to  strengthen  staffs  of  teachers  and  investigators.  It  behooves  our 
own  State  to  resist  the  well  meant  blandishments  of  outside  insti- 
tutions and  to  retain  in  her  employ  those  persons  who  are  now 
rendering  her  efficient  service.  Real  ability  should  not  be  assessed 
at  a  higher  value  in  any  state  in  the  Union.  Because  of  the  difc 
culty  in  securing  and  retaining  in  Geneva  desirable  rentals  con- 
veniently located,  nothing  would  more  largely  promote  a  feeling  of 
contentment  among  the  members  of  the  Station  staff  than  com- 
fortable and  permanent  homes.  In  my  last  two  reports  I  have  set 
forth  other  reasons  why  the  assembling  of  the  homes  of  the  StatioD 
staff  upon  the  Station  grounds  would  be  a  distinct  advantage.  I 
trust  that  our  needs  in  this  direction  will  be  clearly  recognized  by 
the  law-making  body. 

FRUIT  PUBLICATIONS. 

The  publication  known  as  "  The  Apples  of  New  York  "  has  met 
with  a  warm  reception  not  only  by  horticultural  experts  but  by 
the  agricultural  public.  This  was  prepared  as  the  first  of  a  series 
that  is  to  include  the  principal  fruits  of  the  State,  ITie  horticul- 
tural department  is  now  ready  to  proceed  with  the  preparation  of 
a  volume  devoted  to  grapes  that  will  be  submitted  to  the  Commis- 
sioner of  Agriculture  as  a  part  of  our  annual  report.  It  is  necessary, 
■     ,  r.,„,„.„V,UUyiC 


CI2  Director's  Report  of  the 

liowever,  that  at  least  $2,500  become  available  during  1907  to  be 
-applied  to  editorial  services  and  the  preparation  of  plates.  The 
-'horticultural  staff  of  the  Station  can  not,  without  aid,  perform  the 
3arge  labor  involved  in  such  a  work  and  at  the  same  time  maintain 
ahe  regular  activities  of  the  horticultural  department, 

THE  graduate  school.  OF   AGRICULTURE. 

Under  the  auspices  and  general  direction  of  the  American  Asso- 
<ciation  of  Agricultural  Colleges  and  Experiment  Stations,  there 
Jhas  been  organized  what  is  known  as  the  Graduate  School  of  Agri- 
culture. The  object  of  this  school  is  to  present  to  such  members 
.of  the  college  faculties  and  station  staffs  as  may  desire  it,  advanced 
instruction  and  discussions  along  the  hnes  thai  are  pertinent  to 
teaching  and  investigation  in  agriculture.  Two  sessions  of  the 
-school  have  been  held,  one  at  the  University  of  Ohio  and  the  other 
-at  the  University  of  llhnois,  the  results  of  which  appear  to  abund- 
-antly  justify  the  effurt.  The  faculty  of  instruction  consists  of  men 
selected  from  tlie  various  institutions  represented  in  the  Association, 
whose  compensaion  is  merely  nominal. 

It  is  obvious  that  comparatively  few  of  the  colleges  and  stations 
are  in  a  position  to  offer  to  this  school  a  meeting  place  and  the  neces- 
sary financial  support.  Among  ihe  iiislitutions  that  can  do  this 
is  Cornell  University,  and  it  is  proposed  by  Dean  Uailcy  of  the  New 
York  State  College  of  Agricukure  lo  invite  this  school  to  New  York 
for  the  year  iyo8.  The  question  was  raised  as  to  wliclher  this 
institution  desired  to  C"-()]icrate  in  this  invitation  and  share  in 
the  responsibilities,  financial  and  olherwisc-  My  personal  opinion, 
as  expressed  to  your  Boaril,  is  tliat  it  would  be  profitable  for  us 
to  do  so  because  uf  the  impetus  it  woulil  give  to  our  work.  Iiii!ce<l, 
it  seems  as  if  Uic  force  of  circunisiances  practically  compels  this 
Station  to  give  its  aid  in  this  matter.  /Xcting  under  your  authority, 
I  joined  with  Dean  Bailey,  at  the  recent  meeting  of  the  College 
.and  Station  Association  at  Baton  Kouge,  in  extending  an  invita- 
tion to  the  Graduate  School  to  meet  in  New  York  in  1908  and  hold 
part  of  its  sessions  at  the  Station, 

Di;.MON'STR,\TIO.V   EXPERIMENTS- 

The  experiments  that  are  being  conducted  in  various  parts  of 
:the  State  in  testing  the  value  of  methods  that  relate  to  agricultural 
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practice  have  continued  along  practically  the  same  lines  and  ttt> 
about  the  same  extent  as  during  1904  and  1905.  It  is  the  poli^ 
of  the  Station  to  enlarge  its  work  of  this  character.  Indeed  it  was- 
with  this  understanding  that  the  Legislature  of  1906  was  asked  t> 
increase  the  working  funds  of  the  Station.  As  the  increase  o£ 
funds  that  was  granted  did  not  fake  effect  until  October  i,  19061- 
it  was  not  possible  to  add  to  our  list  of  experiments  during  the- 
season  of  1906.  It  is  expected,  however,  that  a  materially  larger- 
number  of  outside  experiments,  more  widely  distributed,  will  be 
carried  on  during  the  season  of  1907. 

There  is  given  in  this  connection  a  list  of  the  outside  experiments, 
for  1906.  In  most  cases  these  were  conducted  in  co-operation.- 
with  the  fanners  on  whose  land  the  experiments  were  located  and 
I  desire  in  this  connection  to  express  for  myself  and  associates  ■ 
our  high  appreciation  of  the  way  in  which  our  efforts  have  been  ^ 
seconded  by  the  gentlemen  with  whom  we  have  co-operated?     "'^'J 

POTATO    SPRAYING   EXPEtUUENTS. 

Chafee R.  M.  Howell 


Dewitt J.  A.  Planck 

Fayctteville D.  H.  Wells 


Silver  Springs.,  .F.  J.  Austin 

Batavia J.  H.  Miller 

Avoca G.  A.  Fox 

Nichols D.  Dean 

Cortland G.   H.  Hyde 

Memphis M.  Bowes 

Ogdensburg A.  Tuck 

Chaieaugay Oliver  Smith  Si  Son  san  jose  scale. 

Peru DalHS  Clark  Youngstown A.  H.  Duttoir 

Hebron W.  B.  8i-W.  R.  Shaw  Geneva. Alfred  Lewis 

Woodbury A.  &  T..VanSise  Huntington Gilbert   Scudder 

Sagaponack P,  Roesel  Yorktown Floyd  White 

Riverhead I.  M.  Young  Riverhead F.  A.  Sirrine 

^j    *  F-  A.  Sirnne  Uurel S,  M.  Woodhull 

Odessa O.  S.  Benson  Wading  River  . . .  E.   S.  Miller 


METHODS    OF    APPLYING    FERTILIZERS    TO- 


South  Greece W.  D.  Auchter 

Syracuse Grant  Hitchings 

ECONOMY   OF   DWARF   ORCHARDS.  ruijiiuta 

Fayetteville F.  F,.  Dawley  BaitingHollow.  .D.  L.* Downs 

Carlton  Station.  .Albert  Wood  &  Son       Cutchogue W.  A    Fleet 

Kinderhook Edward   Van.A.lslyne      Riverhead .. . .' '. !  !f.'a.  Sirrine 

Besides  the  above  li.it,  sixty-three  farmers  were  furnished  witb 
materials  for  soi!  inoculation,  with  the  understanding  that  they 
would  make  certain  observations  and  report  them  to  the  Station  as- 
to  the  growth  of  the  alfalfa  under  the  various  conditions  estab- 
lished. 
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INVESTIGATION. 

The  following  summaries  briefly  touch  on  some  of  the  more 
important  results  discussed  in  the  bulletins  issued  during  1906. 
Many  mcwe  lines  of  work  are  being  prosecuted  than  are  men- 
tioned in  this  connection.  It  is  the  policy  of  the  Station  to  include 
in  its  publications  only  those  results  that  are  of  scientific  or  prac- 
tical interest  and  that  are  well  substantiated  by  sufficient  reliable 
data. 

defartuent  of  animal  husbandry. 

Experiments  with  certain  phosphorus  compoand.s  found  in  feed- 
ing stuffs, — By  reference  to  Bulletins  Nos.  238  and  250,  it  will 
be  seen  that  the  phosphorus  of  feeding  stuffs  is  practically  all  in 
organic  forms.  It  was  also  learned  that  the  phosphorus  of  wheat 
bran  is  contained  mostly  in  a  compound  known  as  phytin  that  can 
be  removed  from  the  bran  by  leaching  it  with  water. 

Elaborate  experiments  have  been  made  in  comparing  rations 
containing  a  large  proportion  of  unwashed  bran  with  rations  con- 
sisting of  the  same  proportion  of  washed  bran. 

The  data  obtained  from  these  experiments  involving  the  use  of 
two  animals  consistently  support  the  following  conclusions.  Cer- 
tain of  the  facts  observed,  which,  with  others,  are  here  briefly  sum- 
marized, agree  with  observations  made  by  other  investigators. 

1.  The  amount  of  outgoing  phosphorus  rose  and  fell  with  the 
'quantity  supplied  in  the  food,  though  within  narrower  limits. 
When  the  phosphorus  supply  was  abundant  there  was  a  storage 
of  this  element  in  the  bodies  of  the  animals,  but  during  prolonged 
periods  in  which  the  supply  of  phosphorus  was  deficient  there 
was  withdrawn  from  the  body  store  about  ten  grams  daily  in  several 
periods, 

2.  Through  destructive  changes,  the  phosphorus  of  the  phytin 
and  of  the  unused  digested  nucleo  bodies  was  reduced  to  inorganic 
combinations,  and  was  excreted  chiefly  in  the  feces,  though  to  a 
small  extent  in  the  urine. 

Further  evidence  of  destructive  metabolism  of  phosphorus  com- 
pounds is  found  in  the  fact  that  the  inorganic  phosphates  of  the 
milk  were  from  three  to  five  times  greater  in  quantity  than  the 
total  amount  of  such  compounds  in  the  food.     The  rise  and  fall 


New  York  Agricultural  Experiment  Station.  15 

in  the  amounts  of  outgoing  phosphorus  compounds  occurred  almost 
wholly  with  the  inorganic  saUs  found  in  the  excretions.  The 
organic  phosphorus  bodies  of  the  excretions  were  but  little  affected, 
if  at  all,  by  the  proportions  of  phosphorus  compounds  in  the  food. 
Variations  in  the  phosphorus  supply  appeared  not  to  modify  the 
appropriation  of  this  element  by  the  milk. 

3.  No  relation  whatever  appears  to  exist  between  nitrogen  excre- 
tion and  phosphorus  excretion. 

4.  It  is  shown  without  question  that  the  physiological  effect  of 
the  two  rations,  due  to  the  withdrawal  from  the  bran  of  such 
compounds  as  were  soluble  in  slightly  acidulated  water,  differed 
to  A  marked  degree.  With  the  washed  bran  ration  as  compared 
with  the  one  containing  the  unwashed  bran,  the  following  differ- 
ences were  observed, 

a.  Drier  and  much  firmer  feces  with  the  washed  bran  ration, 
accompanied  by  a  constipated  condition,  requiring  in  some  cases 
the  use  of  a  purgative, 

b.  A  marked  disturbance  of  appetite  when  a  sudden  change  was 
made  from  the  washed  bran  ration  to  the  one  containing  the 
unwashed  bran,  indicating  some  specific  physiological  infiuence 
of  the  compound  or  compounds  removed  from  the  bran  by  leach- 
ing. 

c.  A  greatly  reduced  flow  of  urine  following  a  change  from  the 
unwashed  bran  to  the  washed  bran  ration,  the  reverse  taking  place 
when  a  reverse  change  was  made. 

d.  An  increase  in  the  flow  of  milk  consequent  upon  the  with- 
drawal from  the  ration  of  the  phytin  and  other  water-soluble  con- 
stituents of  bran. 

e.  A  reduction,  sometimes  large,  in  the  percentage  of  fat  in  the 
milk  consequent  upon  the  withdrawal  from  the  ration  of  phytin 
and  other  water-soluble  constituents  of  bran. 

/.  A  decreased  production  of  butter-fat  during  the  period  the 
washed  bran  ration  was  fed,  notwithstanding  a  somewhat  increased 
flow  of  milk. 

g.  The  entire  cessation  of  the  oestrum  period  with  cow  i  and  a 
temporary  disturbance  of  this  period  with  cow  2. 

Whether  the  physiological  effects  above  indicated  were  due  to 
phytin  wholly  or  in  part  to  compounds  leached  out  with  the  phytin 
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is  not  fully  determined.  It  is  proposed  to  continue  experimental 
work  along  this  line. 

Bang  method  of  controlling  tuberculosis. — In  1900  it  was  found 
that  more  than  half  the  animals  of  the  Station  herd  were  affected 
with  tuberculosis.  In  1901  the  Bang  method  of  controlling  tuber- 
culosis was  applied  to  the  herd. 

The  Bang  method  consists  in  destroying  all  animals  which  show 
pronounced  physical  symptoms  of  the  advanced  stages  of  tubercu- 
losis and  dividing  the  remainder  on  the  basis  of  the  tuberculin  test. 
Tuberculin  tests  are  made  at  intervals  to  detect  any  new  cases 
which  may  develop.  The  milk  from  the  tuberculous  animals  is 
heated  sufficiently  to  destroy  any  disease  germs  which  may  be 
present.  Practically  all  calves  are  sound  at  birth  and  remain  so 
if  proper  precautions  are  taken  against  subsequent  infection. 

Within  four  years  the  natural  increase  in  our  herd  amounted 
to  more  than  the  original  number  of  diseased  animals  and  we  now 
have  a  sound  herd  which  is  better  in  all  respects  than  the  one  with 
which  we  started  and  we  have  accomplished  this  with  a  minimum 
of  trouble  and  expense.  It  would  seem  that  our  experience  might 
be  a  valuable  object  lesson  to  the  cattle  owners  of  the  State. 


DEPARTMENT  OF  BACTERIOLOGY. 

Examination  of  commercial  cultures  for  legumes. — Last  season 
wc  examined  thirty-one  packages  of  cotton  which  liad  been  inocu- 
lated with  legume  bacteria  and  did  not  find  a  good  one. 

Reports  from  experiment  stations  in  Maine,  Massachu.setts,  New 
York  (Cornell),  Pennsylvania,  Delaware,  Virginia,  West  Virginia, 
North  Carolina,  Georgia,  Michigan,  Wisconsin,  Kentucky,  Okla- 
homa and  Ontario  unite  in  pronouncing  such  inoculated  cotton 
of  little  or  no  use  in  inoculating  legumes.  No  experiment  station 
so  far  as  known  has  obtained  satisfactory  results  from  the  use  of 
such  inoculated  cotton. 

Further  tests  of  this  material  would  be  needless  but  for  the  fact 
that  one  of  the  commercial  companies  is  now  putting  its  product 
upon  the  market  in  metal  containers,  claiming  thereby  to  obviate 
the  objections  which  were  raised  against  the  inoculated  cotton 
packed   in  parchment   paper  and  tin   foil  such   as  was  used  last 


>;lc 
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We  have  this  season  examined  fourteen  commercial  cultures  of 
legume  bacteria  which  were  packed  in  such  metal  containers  and 
IiR\e  found  them  as  worthless  as  the  cultures  examined  last  season. 

DEPARTMENT    OF    BOTANY. 

Potato  spraying  expediments. — During  the  season  of  1905  exten- 
sive potato  spraying  experiments  were  continued  along  practically 
the  same  lines  as  in  1904,  The  results  appear  in  Bulletin  No.  279. 
This  concludes  the  fourth  year  of  the  ten-year  series  of  potato 
sprayii^  experiments  begun  in  1902.  Thus  far  the  results  have 
shown  spraying  to  be  highly  profitable.  In  1905,  the  average  gain 
in  thirteen  farmers'  business  experiments,  including  167  acres,  was 
46^  bushels  per  acre,  and  the  average  net  profit  from  spraying 
$20.04  P^""  acrc-  Fifty  other  farmers  who  made  volunteer  experi- 
ments reported  gains  averaging  59J^  bushels  per  acre.  In  the 
Station  ten-year  experiment  at  Geneva  five  sprayings  increased  the 
yield  119?^  bushels  per  acre,  while  three  sprayings  increased  it 
107  bushels.  In  the  duplicate  of  this  experiment  at  Riverhead 
the  gain  due  to  five  sprayings  was  82  bushels  per  acre  and  to  three 
sprayings  31)^  bushels. 

Soda  bordeaux  and  lime  bordeaux  were  again  compared  as  to 
their  efficiency  in  the  prevention  of  potato  blight.  In  one  test 
rows  sprayed  four  times  with  lime  bordeaux  outyielded  rows  simi- 
larly sprayed  with  soda  bordeaux  by  nine  bushels  per  acre.  In 
another  test  there  was  a  difference  of  thirty-five  bushels  per  acre 
in  favor  of  lime  bordeaux.  These  resuhs  agree  with  those  obtained 
in  1904  and  show  that  for  use  on  potatoes  soda  bordeaux  is  not 
superiOT  to  lime  bordeaux  as  has  been  claimed  by  some. 

The  results  of  experiments  with  paris  green  confirm  those 
obtained  in  similar  experiments  made  in  1904.  The  conclusion  is 
that  potatoes  are  in  no  way  injured  by  paris  green  properly  applied, 
viz:  in  moderate  quantity  (one  to  two  pounds  per  acre)  with 
bordeaux  mixture. 

In  an  experiment  on  the  effect  of  bordeaux  mixture  made  with 
cold  water,  potato  foliage  was  in  no  way  injured  by  being  sprayed 
with  bordeaux  mixture  having  a  temperature  of.  forty  to  fifty 
degrees  Fahrenheit. 

2  I  , 
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A  currant  rust  new  to  America. — In  September,  1906,  the  Station 
currant  plantation  was  found  to  be  abundantly  infested  with  a 
leaf-rust  fungus  {Cronartium  rUncola)  which,  with  one  possible 
exception,  has  not  been  found  previously  anjnwhere  in  America. 
In  Europe  it  has  been  known  for  fifty  years  and  is  there  wide- 
spread. As  a  currant  disease  it  is  not  much  to  be  feared.  The 
chief  danger  from  it  lies  in  its  effect  on  white  pines.  In  one  of 
its  stages  the  fungus  attacks  the  trunks  and  branches  of  the  white 
pine  producing  a  destructive  disease.  It  would  be  unfortimate  if 
this  disease  should  become  scattered  throughout  America.  With- 
out doubt  it  is  a  recent  importation  from  Europe,  but  just  how  it 
came  to  the  Station  grounds  is  not  known.  In  order  to  stamp  out 
the  disease,  if  possible,  every  currant  and  gooseberry  bush  on  the 
Station  grounds  has  been  destroyed.  An  account  of  this  currant 
rust  appears  in  Technical  Bulletin  No.  2. 

department  of  chemistry. 

The  action  of  acids  on  casein  when  no  solution  occurs. — This 
work  has  for  its  object  to  gain  information  as  to  whether  casein 
forms  an  insoluble  compound  witli  acids,  as  in  the  case  of  milk 
curdled  by  natural  souring.  The  question  has  been  at  issue  for  over 
fifty  years  and  is  of  importance  as  having  a  practical  relation  to 
certain  dairy  problems.  The  methods  that  have  been  commonly 
employed  in  studying  this  question  are  found  to  be  uru-eliable 
except  under  special  conditions,  which  have  not  been  appreciated 
heretofore.  A  new  and  reliable  method  was  employed,  by  which 
the  amount  of  acid  taken  up  by  casein  is  measured  by  means  of 
changes  in  the  electrical  conductivity  of  the  solutions  used.  It  is 
shown  that  casein  has  the  power  of  taking  up  acids,  but  the  action 
appears  to  be  more  like  physical  adsorption  than  like  chemical  com- 
bination. Casein  takes  up  different  amounts  of  acid  according  to 
the  time  of  contact,  concentration  of  acid,  etc.  It  takes  up  different 
acids  in  different  amounts  characteristic  for  each  acid.  The  work 
was  carried  on  with  hydrochloric,  lactic,  acetic  and  sulphuric  acids, 
of  varying  degrees  of  concentration  and  at  several  different  tem- 
peratures. 

The  accuracy  of  phenolphthalein  as  an  indicator  in  measuring  the 
acidity  of  casein. — Different  indicators  show  different  amounts  of 
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acidity  possessed  by  casein  and  the  question  is  important  as  to 
which  is  most  nearly  correct.  In  most  of  the  work  done,  phen- 
olphthalein  is  the  indicator  commonly  used.  By  making  use  of 
electrical  conductivity  measurements,  it  was  possible  to  determine 
the  acidity  with  great  accuracy,  independently  of  indicators.  It 
was  found  that  the  results  agree  closely  with  those  obtained  when 
phenolphthalein  is  used,  tnus  confirming  the  use  of  this  reagent 
in  cases  involving  the  acidity  of  casein.  The  matter  is  one  of 
practical  importance  in  determining  the  acidity  of  milk  and  milk 
products,  in  which  the  acidity  of  casein  is  to  be  determined. 

ENTOMOLOGICAL  DEPARTMENT. 

Commercial  miscible  oils  for  treatment _of  the  San  Jose  scale. — 
This  bulletin  contains  the  details  of  a  number  of  experiments  with 
proprietary  miscible  oils  to  determine  their  merits  for  the  control 
01  the  San  Jose  scale,  these  preparations  contain  more  or  less 
mineral  oil,  which  has  been  combined  with  an  emulsifying  agent 
to  facilitate  a  uniform  dilution  with  water,  and  are  supposed  to 
be  safer  sprays  than  clear  oils  alone  for  the  treatment  of  orchard 
trees.  The  miscible  oils  that  were  used  were  Kil-o-Scale,  Scalecide 
and  Surekill,  which  were  tested  in  varying  proportion  on  1,369 
trees,  divided  among  three  orchards.  In  these  tests,  applications 
of  miscible  oils  at  the  recommended  proportions  of  one  part  to 
twenty  or  twenty-five  parts  of  water  failed  to  give  uniform  results 
on  scale.  The  trees  receiving  these  treatments  usually  showed  more 
or  less  spotting  of  the  fruit  and  varying  infestation  of  the  new 
g[rowth.  Miscible  oils  in  the  proportion  of  one  part  of  oil  to  ten 
or  fifteen  parts  of  water,  while  uniformly  more  destructive  to  the 
scale  than  the  weaker  preparations,  were  usually  not  quite  so 
effective  as  the  boiled  lime-sulphur  wash.  By  these  applications 
large  percentages  of  the  scales  were  destroyed.  The  treatments 
were  sufficiently  effective  in  this  respect  to  maintain  the  ihriftiness 
of  the  trees  and  to  keep  the  fruit  crop  fairly  clean.  On  the  basis 
of  these  results  the  miscible  oils  tested  should  not  be  used  in  weaker 
mixtures  than  one  part  to  ten  or  fifteen  parts  of  water. 

These  sprays  are  simple  to  prepare,  and  have  no  sediment,  and 
for  these  reasons  are  very  convenient  preparations  for  the  treatment 
of  old  trees  and  small  orchards.    The  cost  of  the  miscible  oils  in 
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the  proportions  of  one  part  to  ten  or  fifteen  parts  of  water  makes 
their  use  almost  prohibitive  for  commercial  orchardists  who  desire 
a  safe  and  comparatively  cheap  oil  spray. 

Apple  and  pear  mites.— This  bulletin  is  a  preliminary  treatise 
upon  the  Eriophyidae,  a  group  of  plant- inhabiting  mites  of  increas- 
ing economic  importance,  in  which  special  attention  is  given  to  the 
species  thriving  upon  the  apple  and  the  pear. 

In  the  study  of  the  mites  upon  these  fruits,  five  species  have 
been  recognized,  which  are  Eriophyes  malifoliae  Parr.,  Eriophyes 
Pyri  (Pgst)  Nal.,  Eriopkyres  pyri  var.  variolata  Nal.,  Pkyllocopies 
scMechiendali  Nal.,  and  Epitrimerus  Pyri  Nal.  With  the  excep- 
tion of  the  former,  which  is  new,  these  species  were  first  recorded 
from  Europe.  Eriophyes  pyri  (Pgst.)  Nal.,  known  as  the  leaf 
blister-mite,  is  the  most  abundant  species  and  is  responsible  for 
the  conspicuous  injuries  to  the  foliage  of  the  apple  orchards  of 
Ontario,  Wayne  and  Niagara  counties. 

The  leaf  blister  mile  is  a  small,  vermiform,  four-legged  creature, 
about  one  one-bund  red -and- twenty -fifth  of  an  inch  in  length,  and 
is  hardly  visible  to  the  unaided  eye.  It  hibernates  in  the  buds  and 
with  the  maturing  of  the  bud  scales  seeks  the  unfolding  leaves 
which  it  punctures,  producing  light  green  and  redish  pimples  which 
develop  into  galls  or  blisters  of  a  blackish  or  reddish  brown  color, 
depending  on  the  kind  and  variety  of  fruit.  Besides  the  pear  and 
the  apple,  the  mite  attacks  the  scrviccberry  {Ameliiiichier  vulgaris 
Moncb),  the  common  cotoneaster,  (Coloncaster  vulgaris  hindl.),  the 
while  beam  tree  (Sorbus  aria  Crantz),  the  European  mountain  ash 
(Sorbus  auciiparia  I.),  and  the  wild  service  tree  {Sorbus  tormitialis 
Crantz) . 

Nursery  stock  is  commonly  infested;  and  when  the  mite  is 
abundant,  pear  foliage  is  much  discolored,  and  the  young  trees  may 
be  stunted  through  the  destruction  of  the  terminal  leaves  of  the 
new  growth.  The  appearance  of  the  mite  for  successive  years  in 
the  nursery  is  due  to  meihods  of  budding.  The  experiments  to- 
control  the  mile  in  nurseries  are  not  completed,  but  it  is  believed 
that  the  pest  can  be  eliminated  from  the  nursery  by  the  selection 
of  buds  from  clean  stock  and  by  the  fumigation  of  budding  sticks. 

In  the  experiments  upon  apple  trees,  comparative  tests  have  been 
made  with  kerosene  oil,  miscible  oil,  kerosene  emulsion  and  sulphur 
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Avaslies.  Kerosene  emulsion,  on  account  of  its  safe  and  efficient 
qualities,  appears  to  be  the  most  practical  remedy  for  the  spraying 
of  apple  trees. 

DEPARTMENT  OF  HORTICULTURE, 

Apple  districts  of  New  York  with  varieties  for  rue /i.— Bulletin 
275  defines  the  several  distinct  horticultural  belts  in  the  State,  and 
names  the  varieties  of  apples  that  can  be  most  successfully  grown 
in  each.  It  is  also  a  catalogue  of  the  apples  that  are  grown  or 
have  originated  in  New  York.  The  sorts  listed  are  briefly  described, 
the  descripti(ms  having  been  abbreviated  from  "  Tlie  Apples  of  New 
York."  The  bulletin  was  prepared  to  serve  as  a  guide  to  those 
who  are  planting  apples  with  a  view  of  preventing  the  enormous 
■waste  occasioned  by  the  continued  attempts  up<Mi  the  part  of  apple 
growers  to  grow  varieties  that  are  not  adapted  to  the  regions  in 
which  they  are  planted.  It  answers  as  best  this  Station  can  the 
question  so  often  asked :    "  What  varieties  shall  I  plant?  " 

The  bulletin  also  considers,  in  leading  up  to  the  main  question.s 
as  outlined  above,  the  distribution  of  varieties  of  apples  in  which 
the  fact  is  emphasized  that  domesticated  plants,  as  well  as  wild 
plants,  are  distributed  according  to  their  vital  necessities ;  and  that 
success  with  any  crop  depends  largely  upon  its  being  grown  in  an 
environment  preeminently  well  suited  to  it;  thus,  distinct  classes  ot 
farming  land,  or  distinct  sets  of  contlitions,  are  Iwing  devoted, 
more  and  more,  to  special  crops,  a  fact  well  illustralt\l  by  varielits 
of  apples  in  this  State. 

Another  secondary  but  important  fad  set  fortli  in  the  bulletin 
is  that  there  are  groups  of  apples,  the  members  of  which  Iiave  about 
the  same  degree  of  suitability  for  a  region.  Tlie  formation  ani 
adaptations  of  these  groups  of  ap]>lcs  are  considered  somewhat  in 
detail  with  emphasis  on  the  fact  that  groups  of  varieties  have 
adaptations  to  particular  conditions.  The  groups  are  founded  uixni 
the  characters  of  the  fruits  and  all  characters  are  considered.  The 
number  of  groups  presented  is  thirty-six.  containing  278  varieties. 

The  factors  governing  the  distribution  of  groups  and  varieties 
of  apples  is  essential  to  a  clear  understanding  of  the  matters  dis- 
cussed in  the  bulletin.  Tliese  are  given  as  latitude  and  altitude, 
temperature,  water,  soil  and  air  currents ;  each  of  these  factors  is 
briefly  considered.  ,  -  I 
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Varieties  of  strawberries,  with  cultural  directions. — Bulletin  276 
describes  the  newer  varieties  of  strawberries  with  some  of  the 
standard  kinds  for  comparison.  These  descriptions  are  followed 
by  brief  cultural  directions  which  answer,  to  a  degree,  the  many 
inquiries  which  come  to  this  Station  in  regard  to  the  growing  of 
strawberries.  In  describing  the  varieties  emphasis  is  put  upon  the 
strong  and  weak  features  of  the  new  varieties  when  tested  under 
the  soil  conditions  at  this  Station;  it  is  pointed  out  that  results 
are  not  to  tie  taken  as  absolute,  or  even  as  indicating  what  might 
be  expected  under  widely  different  conditions  of  environment. 

Varieties  of  raspberries  and  blackberries,  with  cultural  directions. 
— Bulletin  278  discusses  raspberries  and  blackberries  much  as  Bul- 
letin 276  discusses  strawberries.  An  interval  of  eight  years  elapsed 
between  the  publication  of  this  bulletin  and  any  other  upon  the 
subject  from  this  Station.  This  brings  the  Station's  notes,  as  to 
the  behavior  of  varieties  of  the  two  fruits,  up  to  date.  It  puts  in 
condensed  form  information  valuable  to  the  small  fruit  grower. 

INSPECTION    WORK. 

The  Station  annually  receives  for  analysis  from  the  Commis- 
sioner of  Agriculture  from  twelve  to  fifteen  hundred  samples  of 
fertilizers  and  feeding  stuffs,  requiring  upwards  of  eight  thousand 
single  chemical  determinations.  Some  of  these  determinations  are 
rendered  more  time-consuming  by  the  fact  that  occasionally  they 
must  serve  as  testimony  in  court.  These  samples  are  known  to 
the  Station  authorities  only  by  number.  As  these  analyses  are  the 
basis  for  determining  whether  fertilizer  manufacturers  are  violating 
the  law  as  to  the  quality  of  their  goods,  it  is  necessary  to  surround 
this  part  of  our  work  with  all  needed  precautions  as  to  accuracy. 
The  Station's  part  in  fertilizer  inspection  is  one  of  the  most  laborious 
and  expensive  duties  that  it  has  to  perform. 

Numerous  samples  of  fertilizers  and  feeding  stuffs  are  received 
from  manufacturers,  dealers  and  consumers  with  requests  for  analy- 
ses. These  samples  are  not  official  in  their  character  and  are  ana- 
lyzed only  when  the  circumstances  seem  to  justify  the  expense 
involved.  The  impression  seems  to  prevail  on  the  part  of  some 
manufacturers  that  it  is  the  duty  of  the  Station  to  make  the  analyses 
on  which  they  base  their  guarantees.    No  such  requirement  is  even 
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suggested  in  the  law  and  it  is  not  possible  for  the  Station  to  act 
as  the  chemist  of  the  fertilizer  trade.  Dealers  often  send  samples 
in  order  to  be  assured  that  their  goods  are  in  accordance  with  the 
guaranteed  requirements.  As  to  these  samples,  it  should  be  said 
that  there  is  an  annual  inspection  of  the  various  brands  sold  in  the 
State  and  it  is  not  feasible  to  be  continually  repeating  analyses  of 
brands  that  are  examined  officially  by  the  Commissioner  of  Agri- 
culture. Samples  from  consumers  are  treated  according  to  circum- 
stances. In  a  large  majority  of  cases  they  do  not  involve  matters 
of  sufficient  importance  to  render  the  analyses  advisable.  In  many 
cases,  also,  analyses  are  not  necessary  in  order  to  give  to  the  inter- 
ested parties  the  informatics  that  is  desired. 

PUBLICATIONS  ISSUED  DURING  1906. 

BULLETINS. 

No.  37S-    AprU.    Apple  districts  of  New  York  with  varieties  for  each.    U. 

P.  Heurick,  N.  O.  Booth  and  O.  M.  Taylok.    Pages  61, 
Vo.  376.    April.    Varieties  of  strawberries  and  cultural  directions.    O.  M. 
Taylor.    Pages  18. 
Popular  edition.    Ps^es  8. 
No.  277.    April.    The   Bang   method    of   controllinK   tuberculosis,   with   an 
illustration  of  its  application.     H.  A.  HAanruG  and  Geokge  A. 
Smith,  of  the  New  York  Agricultural  Experiment  Station,  and 
V.    A.    Moore,    of   the   New    York    State    Veterinary   Cdlege. 
Pages.  29. 
Popular  edition.    Pages  8. 
Na  37&    May.    Varieties    of    raspberries    and    blackberries,    with    cultural 
directions.    O.  M.  Taylor.    Pages  41. 
Popular  edition.    Pages  12. 
No.  279.    May.    Potato  spraying  experiments  in  1905.    F.  C.  Stxwakt,  H.J. 
Eustace  and  F.  A.  Sirrine.    Pages  77,  plates  s,  map  i. 
Popular  edition.    Pages  16, 
No.  aSo.    August.    Inspection  of  feeding  stuffs.    Pages  28. 
No.  281.    December.    Commercial   miscible  oils   for   treatment  of  the   San 
Jos*  scale.    P.  J.  Parrott,  H.  R  Hodgkiss  and  F.  A-  Sirrinb, 
Pages  10. 
'     Popular  edition.    Pages  8. 
No.  282.    December.     Quality  of  commercial  cultures  for  legumes  in  iQcfiL 
M.  J.  Peucha  and  H.  A.  Harding.    Pages  8. 
Popular  edition.    Pages  4. 
No,  383.    December.    The  apple   and  pear  mites.     P.   J.   Parrott,    H.   E 
Hodgkiss  and  W.  J.  Schoene.    Pages  50,  plates  8. 
Popular  edition.    Pages  8. 
No.  2S4.    December.    Director's  report  for  1906.    W.  H.  Jordan.    Pages  24. 
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technical  bulletins. 
It  has  Reemed  best  to  make  a  flight  change  in  the  numbering  of  bulletins 

of  this   Station;   and   to  issue,   in   future,  a  series  to  include  discussions  of 

technical  and  scientific  phases  of  our  work.     Those  issued  during   1906  are 

as  follows : 

No,  1.  November.  A  study  of  the  metabotism  and  physiological  effects  of 
certain  phosphorus  compounds  with  milch  cows.  W.  H.  Jokdan, 
E,  B.  HArr  and  A.  J.  Patten.    Pages  59. 

No.  2.  December.  An  outbreak  of  the  European  currant  rust.  F.  C. 
SiEW.vsT.     Pages  14,  plates  3. 

JJo.  3.    December.    I.    The   action    of   dilute   acids   upon   casein  when  no 

soluble    compounds    are    formed.    II.    The    hydrolysis    of    the 

sodium  salts  of  casein.    L.  L.  Van  Slvke  and  D.  D.  Van  Slvkb. 

Pages  88,  figs,  17. 

Several   bulletins   previously   issued   are  of   the  same   general   character. 

These  are ; 

No.  314.  A  study  of  some  of  the  salts  formed  by  casein  and  paracasein  with 
acids :  their  relations  to  American  cheddar  cheese. 

No.  215.  Methods  for  the  estimation  of  the  proteolytic  compounds  con- 
tained in  cheese  and  milk. 

No.  219.     Some  of  the  compounds  present  in  American  cheddar  cheese. 

No.  231.  The  relation  of  carlion  dioxide  lo  proteolysis  in  the  ripening  of 
cheddar  cheese. 

No.  233.     Renet  enzyme  as  a  factor  in  cheese  ripening. 

No.  236.     Conditions  affecting  chemical  changes  in  cheese  ripeniiij,'. 

No.  237,  The  role  of  the  lactic-acid  bacteria  in  the  manufacture  and  in 
the  early  stages  of  ripening  of  cheddar  cheese. 

No.  238.  The  status  i)f  pliospiiorus  in  certain  food  maleriaI^  and  animal 
by-products,  with  special  reference  to  inorganic  forms. 

No.  250.    The  nature  of  the  principal  phosphorus  compound  in  wheat  bran. 

Na  256.    Seed  selection  according  to  specific  gravity. 

No.  261.  Some  of  tiie  rdations  of  casein  and  paracasein  to  baM-;  and  acids, 
and  their  application  lo  cheddar  cheese. 

No.  265,  I.  Plant-food  conslituciits  used  by  bearing  fruit  trees.  II.  Tabu- 
lated analyses  showing  amounts  of  plant-food  constituents  in 
fruits,  vegetables,  etc. 

C  IBCULrtBS. 

No.  6,  new   series,   April   5.     The   renovation   of   worn-out  orchards.     U.   P. 
Hedrick.    Pages  4, 
No.  7,  new  series,  April  25.     The    "  King    System  "    of   stable   ventilation. 
W.  H.  Jordan.    Pages  4,  figs.  5. 

W.  II.  JORD.\N-,  Direclw. 
New  York  Agricultural  Experiment  Station. 
Geneva,  N.  Y.,  Dec.  31,  1906. 
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REPORT  OF  THE  DEPARTMENT  OF  ANIMAL 
HUSBANDRY. 


THE     BANG     METHOD     OF     CONTROLLING 
TUBERCULOSIS,  WITH  AN   ILLUSTRA- 
TION OF  ITS  APPLICATION.* 


H.  A.  HARDING  and  GEO.  A.  SMITH,  of  the  New  York  Agricultural 

Experimental  Station,  and  V.  A.  MOORE,  of  the  New  York 

State  Veterinary  College. 


SUMMARY. 

1.  Tuberculosis  is  one  of  the  most  important  diseases  of  cattle. 

2.  The  Bang  method  of  handling  herds  affected  with  this  disease 
has  been  tried  with  success  in  various  countries.  This  method  is 
especially  adapted  to  herds  of  valuable  animals. 

3.  The  method  consists  in  isolating  the  reacting  animals  in  order 
to  stop  the  spread  of  the  disease  and  holding  them  for  breeding 
purposes. 

4.  Calves  of  tuberculous  cows  are  rarely  if  ever  tuberculous  at 
birth.  They  should  be  immediately  separated  from  the  dam  and 
fed  on  the  milk  of  healthy  cows  or  on  milk  which  has  been  properly 
pasteurized. 

5.  The  milk  of  tuberculous  cows  is  safe  after  it  has  been  pas- 
teurized at  185°  F.  (85°  C). 

6.  More  than  one-half  of  the  herd  of  the  New  York  Agricultural 
Experiment  Station  was  found  to  be  tuberculous  in  December,  1900. 

7.  Quarters  were  prepared  and  the  application  of  the  Bang 
method  begun  in  October,  1901,  with  a  tolal  of  thirty  animals,  thir- 
teen of  which  were  healthy  and  seventeen  tuberculous. 

8.  During  four  years  this  herd  produced  twenty-three  desirable 
heifer  calves,  approximately  one-half  coming  from  the  tuberculous 
animals,  and  in  November,  1905,  it  contained  thirty  healthy  animals. 

•A  reprint  ot  Bulletin  No.  277. 
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INTRODUCTION. 

During  the  last  decade  the  progress  which  the  cattle  owners  o£ 
this  State  have  made  in  the  control  of  tuberculosis  in  their  herds 
has  been  slight  and  this  progress  has  been  in  comparatively  lew 
herds.  While  exact  data  are  lacking  it  is  probable  that  there  is 
more  tuberculosis  in  the  herds  of  the  State  to-day  than  there  was 
ten  years  ago.' 

As  long  as  tuberculosis  was  considered  purely  as  a  public  health 
problem  and  was  handled  with  httle  regard  for  the  interests  of  the 
cattle  owner,  there  was  often  a  disinclination  on  his  part  to  face 
the  facts.  With  a  better  knowledge  of  the  nature  of  the  disease 
the  more  progressive  breeders  and  dairymen  are  coining  to  feel  that 
tuberculosis,  like  any  other  destructive  disease  of  cattle,  is  an 
unprofitable  adjunct  to  the  business.  Accordingly  they  arc  be^jinning 
to  inquire  into  the  various  methods  of  freeing  their  herds  from  this 
pest. 

The  herd  of  the  New  York  Agricultural  Eperiment  Station  was 
accidentally  infected  through  the  purchase  of  apparently  sound  cows 
and  before  the  disease  was  detected  more  than  one-half  of  the  herd 
had  become  tuberculous.  From  this  undesirable  condition  the  herd 
has  been  transformed  into  a  sound  one  within  four  years  and  it 
is  believed  that  a  statement  of  the  conditions  encountered  an  t  means 
employC'l  to  eradicate  Ihe  disease  will  be  especially  helpful  to  the 
dairymen  at  this  time. 

In  this  work  wc  can  lay  little  claim  to  originahly  since  we  have 
fcillowe<l  Ihe  niclhnd  recranmendcd  by  Dr.  Bang^  of  Copenhagei.. 
Considering  the  uniform  success  which  this  method  has  met  with 
in  the  various  countries  in  which  it  has  been  employe. I  it  sejins 
strange  that  it  has  not  been  more  widely  used  in  America.  l!  is 
hoped  that  this  presentation  of  the  method  and  of  the  way  in 
which  it  was  successfully  employed  in  the  Station  herd  may  stinu- 
latc  its  introduction  into  the  herds  of  the  State. 

'Ill  thp  report  nf  a  Special  CommiUec  of  the  .Assembly  on  Tiibcrctiliisis 
presented  I-'c'irnary  I,  19CO.  tlic  liilH'rculnsis  among  cows  in  New  York  Stale 
was  Mlimaled  al  not  to  exceed  6  10  7  per  cent. 

'Bang  B.  The  struggle  wilh  tuberculosis  in  Denmark.  The  I'clrrinarian, 
68:688.  1S95. 

Bang  v..  TiibereuloMs  of  i-attk'.  .Appendix,  Itultclin  75  of  the  n:part- 
ment  of  .^ijrieulture  of  ilit-  St.-iti;  cif  Pfunsytvania,  igpi.    ,,  1,  v  it  n.»y  I*- 
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ACK.VOWLEWiMEN-r. 

T!ie  official  heads  of  the  two  cooperating  institutions,  Dr.  W.  H. 
Jortlan  of  this  Station  and  Dr.  James  Law  of  the  New  York  State 
Veterinary  College,  have  taken  a  keen  and  inspiring  interest  in  the 
work  here  reported  and  we  desire  to  record  our  appreciation  of 
the  value  of  their  suggestions  and  advice  in  connection  with  the 
same. 

THE   NATURE   OF   TLBEKCLLOSIS. 

Tuberculosis  is  a  specific  infectious  disease.  It  is  specific  because 
it  is  produced  by  a  single  cause,  the  tubercle  bacUlus;  it  is  infec- 
tious because  this  organism  gets  into  the  animal  body  and  multi- 
plies there.  Ii  affects  the  animal  by  growing  into  the  tissues  and 
actually  destroying  the  organs  of  the  body  that  are  necessary  to 
the  Hie  of  the  individual,  such  as  the  liver,  lungs  and  other  vital 
parts.  Although  the  course  of  the  disease  is  often  very  chronic, 
it  possesses  all  of  the  characters  that  determine  an  infectious  malady. 
Because  of  its  insiduous  nature  and  slow  development,  cattle  owners 
are  very  liable  to  ignore  the  essentia)  conditions  in  its  dissemination 
and  thereby  often  expose  their  herds  to  this  most  destructive  of 
cattle  diseases. 

The  two  most  important  facts  to  know  about  an  infectious  dis- 
ease are.  ( 1 }  how  the  micro-organisms  that  cause  it  escape  from 
the  diseased  animal  and  (2)  how  the  sound  animals  become 
infecte.l.  The  answers  to  these  cjuestions  relative  to  bovine  tuber- 
culosis are  for  the  greater  part  not  uifficult. 

The  tubercle  bacteria  escape  from  a  tuberculous  animal  when 
the  tissues  they  have  destroyed  are  being  discharged  from  the 
body.  If  the  lungs  are  affected  the  dead  particles  of  tissue,  laden 
with  tubercle  bacilli,  escape  into  the  bronchial  tubes  and  after 
being  coughed  up  into  the  mouth  they  leave  the  body  with  the 
saliva.  In  these  cases  the  tubercle  bacteria  can  be  found  in  the 
saliva  that  is  left  on  the  surface  of  the  water  in  watering  troughs 
or  on  the  bottom  of  the  mangers.'  If  the  tissues  attacked  happen 
to  be  glands  in  the  walls  of  the  intestine  the  dead  particles  of 

'  Ravenel,  M.  P.  The  dissemination  of  tubercle  bacidii  by  cows  in  coughing 
a  possible  source  of  contagion.  University  (Penn.)  Medical  Magazine, 
November,  190a  . 
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tissue  escape  with  the  intestinal  contents.  If  the  disease  becomes 
localized  in  the  udder  then  the  bacteria  pass  out  with  the  milk. 
In  cases  where  the  lesions  are  restricted  to  subcutaneous  glands 
or  tissues,  abscesses  may  be  formed  and  the  dead  tissues  laden  with 
tubercle  bacteria  may  escape  Through  an  opening  in  the  skin.  If 
the  disease  is  localized  the  tubercle  bacteria  are  liable  occasionally 
to  grow  or  eat  their  way  into  a  blood  vessel  when  they  may  be 
carried  in  the  blood  to  any  or  all  parts  of  the  body  and  temporarily 
escape  into  the  milk,  intestinal  contents  or  sputa. 

When  the  bacteria  have  escaped  from  infected  individuals  into 
mangers,  watering  troughs,  or  on  to  the  grass  in  pastures,  they  are 
readily  taken  up  by  healthy  cattle  that  drink,  feed  or  graze  after 
diseased  animals.  In  case  the  bacteria  are  escaping  with  the  milk, 
calves  and  swine  fed  with  it  are  very  liable  to  become  infected. 

The  period  of  incubation,  that  is  the  time  between  the  entrance 
of  the  bacteria  into  the  body  and  the  appearance  of  the  fresh  tissue 
changes  (tubercles)  is  variable.  There  is  good  evidence  to  show 
that  it  may  be  very  short  in  some  cases  and  very  long  in  others.  It 
is  safe  to  assert  that  it  may  vary  from  a  few  days  or  weeks  to  as 
many  months.  Tuberculin  does  not  give  a  reaction  during  the 
period  of  incubation.  This  condition  requires  for  safety  that  ani- 
mals that  do  not  react  to  tuberculin  in  herds  where  the  disease 
exists  and  where  they  may  have  become  infected  must  be  tested 
several  months  later  to  be  sure  that  they  were  not  infected  at  ttie 
time  the  first  test  was  made. 

The  duration  of  the  disease  varies  quite  as  much  as  the  period 
of  incubation.  Tuberculosis  may  run  a  rapidly  fatal  course,  the 
affected  animal  dying  in  a  few  months.*  As  a  rule,  however,  the 
duration  of  the  disease  is  much  longer.  The  tuberculous  tissue  may 
become  encapsulated  and  the  disease  remain  stationary  for  a  long 
time'  and  in  some  cases  recovery  may  take  place.     In  an  experi- 

*The  cow  Jane  is  an  illustration  of  this  point.  She  became  diseased 
during  igoi  and  first  reacted  in  October,  igor.  She  failed  rapidly  and  was 
killed  in  June,  1902,  The  autopsy  showed  that  her  liver  was  badly  diseased, 
'  This  is  well  illustrated  by  Chloe  and  Kate.  They  were  tuberculous  when 
tested  as  two-year-olds  in  1900  but  when  killed  and  examined  in  igoj  both 
were  so  slightly  diseased  thai  their  carcasses  would  both  pass  a  Federal 
meat  inspection  examination.  During  these  five  years  Chloe  gave  a  positive 
•  tuberculin  at  eight  different  tests  while  Kate  gave  a  positive 
'e  times  and  failed  to  do  so  at  three  tests.         ,,  1  ,  V  itHtV  iC 
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ment  by  Moore,'  twelve  of  seventeen  cows  that  reacted  in  April 
foiled  to  react  in  October.  These  were  all  destroyed.  They  all 
contained  tubercular  lesions  of  a  chronic  type.  They  all  contained 
living  tubercle  bacteria  as  proven  by  guinea  pig  inoculations.  It 
is  known  that  the  lesions  may  remain  in  a  chronic  encapsulated 
condition  for  three  years  and  the  tubercle  bacteria  still  be  alive.* 
In  the  cases  of  arrested  tuberculosis  the  disease  does  not  spread 
in  the  body,  but  so  long  as  the  tubercle  bacilli  remain  alive  it  is 
possible  that  the  disease  may  start  up  at  any  time  for  there  is 
very  little,  if  any,  immunity  established  against  a  subsequent  attack 
by  the  development  and  encapsulation  of  the  primary  lesion.  One 
of  us  (Moore)  has  the  records  of  over  fifty  cows  that  have  reacted 
but  failed  on  subsequent  tests,  from  six  to  eighteen  months  there- 
after, to  react  but  still  later  did  react.  Whether  the  late  reaction 
was  caused  by  a  reinfection  or  by  renewed  activity  of  an  encap- 
sulated, arrested  lesion  is  not  determined,  but  the  fact  that,  to  all 
appearance  and  methods  of  diagnosis  in  a  living  animal,  the  lesions 
in  these  animals  were  healing  or  healed  and  that  later  they 
responded  to  the  test  suggests  that  the  first  attack  did  not  impart 
immuni^. 

As  a  rule  the  tubercular  changes  occur  in  one  or  more  of  the 
following  organs:  (i)  In  the  lungs  or  lymphatic  glands  draining 
them,  (2)  in  the  lymphatic  glands  about  the  head,  (3)  in  the 
intestines  and  mesenteric  glands,  (4)  in  the  glands  of  the  liver  or 
the  liver  itself  and  (5)  in  the  generative  organs  and  udder.  It 
frequently  happens  that  the  pleura  or  the  peritoneum  is  thickly 
sprinkled  with  tubercular  nodules.  The  extent  of  the  disease  that 
may  exist  and  have  the  animals  appear  to  be  in  perfect  health 
depends  upon  the  location  of  the  lesions.  Frequently  large  masses 
of  tubercular  deposits  are  found  in  apparently  healthy  animals.  As 
a  rule  these  are  not  in  vital  organs.  Again,  cattle  run  down 
rapidly  and  may  die  of  the  disease  before  the  lesions  attain  great 
size  because  they  are  in  and  destroying  an  organ  that  is  very  essen- 
tial to  the  life  of  the  individual. 

'Moore,  V.  A.  A  report  on  bovine  tuberculosis.  N.  Y.  Dept.  Agr. 
Annttal  Report,  1903. 

*  mUie  D.  gave  a  reaction  in  October,  1901,  and  in  June,  1902.  She  failed 
to  react  at  six  subsequent  tests  beginning  with  December,  1902.  Sh?  con- 
tained living  germs  of  tuberculosis  in  1905,  page  35.  ,,  1 ,  \^jl>(.>u|c 
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The  possible  long  period  of  incubation  and  duration  of  the  dis- 
ease, the  frequent  encapsulated  condition  of  the  lesions  and  the 
absence  of  immunity  from  a  natural  infection  are  important  factors 
to  be  considered  in  the  application  of  any  method  for  its  eliminatioa 
or  control. 

THE  BANG  METHOD. 

The  Bang  method  for  handling  tuberculosis  is  simply  the  pro- 
cedure recommended  and  carried  into  effect  in  Denmark  by  Prof. 
B.  Bang  of  the  Copenhagen  Veterinary  College.*  The  object  of 
this  method  is  to  replenish  a  tuberculous  herd  with  as  little  loss 
as  possible.  It  requires  that  all  animals  that  show  physical  symp- 
toms of  the  disease  shall  be  destroyed.  Those  which  give  a  tuber- 
culin reaction  but  which  exhibit  no  evidence  on  physical  examina- 
tion of  being  tuberculous  are  isolated.  They  are  kept  for  breeding 
purposes.  The  reacting  animals  are  carefully  watched  and  if  any 
of  them  develop  obvious  symptoms  of  the  disease  they  are  slaugh- 
tered. 

The  method  as  originally  proposed  has  been  modified  from  time 
to  time  in  accord  with  increased  knowledge  of  the  disease  and 
the  conditions  under  which  it  exists.  The  success  of  the  method 
rests  in  the  fact  that  it  conforms  to  the  chronic  nature  of  the 
disease  and  its  tendency  to  become  arrested.  The  large  percentage 
*(35.4%}  of  dairy  cows  in  Denmark  that  reacted  to  tubercuhn 
suggested  the  importance  of  replenishing  the  herds  with  healthy 
cows  before  the  total  destruction  of  the  reacting  ones,  Tlie  method 
is  summarized  in  the  following  statements. 

1.  A  herd  is  tested  with  tuberculin.  The  animals  that  are  in 
a  bad  condition  are  slaughtered.  The  reacting  animals  that  show 
no  physical  evidence  of  the  disease  are  isolated.  They  are  kept 
for  breeding  purposes. 

2,  The  offspring  from  the  reacting  cows  are  promptly  removed 
from  their  dams  and  fed  milk  from  non-reacting  cows,  or  the 
pasteurized  (heated  to  a  temperature  of  85°  C.  (185°  F.))  milk 

*  Bang,  B.  The  struggle  with  tuberculosis  in  Denmark.  The  Velerinarian, 
«*88,  1895, 

Bang,  B,  Tuberculosis  of  cattle.  Penn,  Dept.  of  Agr.,  Appendix  Bui.  75, 
1001. 
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from  the  reacting  ones.     The  milk  of  the  isolated  cows  after  pas- 
teurization is  aiso  used  for  human  food. 

3.  If  any  of  the  isolated  cattle  give  evidence  of  the  disease 
advancing,  such  as  enlarged  glands  or  emaciation,  they  are 
slaughtered. 

4.  The  non-reacting  animals  are  tested  from  time  to  time  and 
if  any  individuals  react  they  are  placed  with  the  isolated  ones. 

5.  The  calves  that  are  raised  from  the  reacting  cows  and  which 
fail  to  react  to  tuberculin'"  are  placed  in  the  sound  herd. 

As  the  sound  herd  is  replenished  the  isolated  cattle  may  be 
fattened  and  killed,  under  proper  inspection,  for  beef.  The  laws 
of  nearly,  if  not  all,  countries  permit  the  use  of  meat  of  tubercu- 
lous animals  for  food  when  the  disease  is  localized.**    In  this  way 

"  It  is  important  to  test,  with  tuberculin,  calves  that  have  been  bom  of 
tuberculous  dams  and  raised  on  pasteurized  milk  of  tuberculous  cows  for 
the  reason  that  it  is  possible  through  inadvertent  accidents  that  some  of  theni 
have  become  infected.  In  our  oliservations  in  various  herds  from  one  to 
four  per  cent,  of  the  calves  brought  up  under  these  condition  have  reacted  to 
tuberculin  at  six  months  of  age.  No  such  cases  appeared  among  the  calves 
of  the  Experiment  Station  herd  during  the  progress  of  this  work. 

"  In  the  disposition  of  tuberculous  cattle,  practice  has  established  the 
feasibility  and  safety  of  using  the  flesh  for  food  when  the  disease  is  localized. 
The  United  States  Meat  Inspection  Regulations  permit  the  carcasses  of 
tuberculous  animals  to  pa^s  and  to  be  sold  as  sound  when  the  lesions  are 
restricted  in  their  distribution  as  follows : 

"  (i)  The  carcasses  may  be  passed  when  the  lesions  are  limited  to  one 
group  of  lymphatic  glands  or  one  other  gland. 

"  (2)  The  carcasses  may  be  passed  when  the  lesions  are  limited  to  two 
groups  of  visceral  lymphatic  glands  in  either  the  thoracic  or  abdominal 

"  (3)  The  carcass  may  be  passed  when  the  lesions  are  limited  to  two  visceral 
organs  (other  than  lymphatic  glands)  in  the  thoracic  or  the  abdominal  cavity, 
provided  the  lesions  are  slight,  calcified,  and  encapsulated. 

"  (4)  The  carcass  may  be  passed  when  the  lesions  are  limited  to  one  group 
of  visceral  lymphatic  glands  and  one  other  organ  in  the  thoracic  or  abdomi- 
nal cavity,  provided  the  lesions  in  the  adected  organs  are  slight. 

"  (5)  The  carcass  may  be  passed  when  the  lesions  are  confined  to  two 
groups  of  visceral  lymphatic  glands  and  one  other  organ  in  the  thoracic  or 
abdominal  cavity,  provided  the  lesions  are  slight,  calcified,  and  encapsu- 
lated. 

"  (6)  The  carcass  may  be  passed  when  the  lesions  are  confined  to  the  lungs, 
the  cervical  lymphatic  glands,  and  one  group  of  the  visceral  lymphatic 
glands  of  the  thoracic  cavity,  provided  the  affection  is  slight  and  the  lesions 
are  calcified  and  encapsulated."    U.  S.  Dept.  Agric. ;   B.  A.  I.  Order  125. 

3  r.,„,„..VAH,ylc 
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the  people  of  Denmark  have  been  able  to  greatly  reduce  the  very 
high  percentage  of  tuberculous  cattle  and  at  the  same  time  mini- 
mize the  loss  they  formerly  sustained  by  the  frequent  death  of  dis- 
eased animals. 

Among  the  first,  if  not  the  first,  to  put  the  Bang  method  to  a 
test  in  this  country  was  the  Wisconsin  Agricultural  Experiment 
Station."*  They  began  in  January,  1896,  with  16  reacting  animals 
and  18  healthy  ones.  In  February,  1899,  they  had  27  healthy  ani- 
mals, all  the  progeny  of  the  group  of  tuberculous  cattle,  Russell 
pointed  out  at  that  time  that  the  method  afforded  a  practical  and 
often  a  most  desirable  way  to  replace  a  tuberculous  herd. 

The  Bang  method  has  been  applied  with  great  success  in  Hun- 
gary where  the  reports  show  that  many  highly  infected  herds  have 
been  freed  of  the  disease  in  from  four  to  six  years.  In  Norway 
and  Sweden  the  results  have  been  equally  good.  Prof,  Regner^ 
states  that  the  percentage  of  reacting  animals  among  36,149  cattle 
was,  at  the  beginning  of  the  application  of  this  method,  33.6  per  cent. 
After  a  period  of  from  two  to  nine  years  it  has  been  reduced  to 
4,7  per  cent.  It  is  not  the  purpose  of  the  method  to  return  to  the 
sound  herd  animals  that  have  reacted  but  which  after  a  period  of 
one  or  more  years  fail  to  react.  Experience  has  shown  that  a 
variable  number  of  reacting  animals  will  stop  reacting  in  from  six 
to  eighteen  months  and  remain  apparently  in  a  sound  condition. 
The  present  interpretation  of  this  phenomenon  is  that  the  disease 
has  been  arrested,  but  because  the  time  limits  of  the  hfe  of  tubercle 
bacteria  residing  in  encapsuled  lesions  is  not  known,  it  cannot  be 
considered  safe  to  return  these  animals  to  tlie  healthy  herd, 
'  This  method  has  the  redeeming  feature  that  it  requires  the 
elimination  of  cattle  that  have  no  real  value  because  of  the  advanced 
stage  of  the  disease  but  enables  the  owner  to  obtain  the  actual 
worth  of  the  others.  It  has  been  possible  because  of  the  great  value 
of  tuberculin  in  detecting  the  infected  animals  that  still  appeared  to 
be  in  perfect  health. 


"•  Russell,  H,  L.  The  history  of  a  tuberculous  herd  of  cows.  Wis.  Agr. 
Exp.  Station,  Bui.  78,  iSgp. 

"  Rcgner,  Gustav. —  The  suppression  of  tuberculosis  among  domesticated 
animals.     Eighth   International  Veterinary   Congress.     Budapest,   Sept.,   1905. 
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TUBERCULIN. 

Tuberculin  is  the  concentrated  liquid,  usually  glycerinated  bouil- 
lon, on  which  the  tubercle  bacteria  have  grown  until  the  products 
resulting  from  their  multiplication  have  become  imparted  to  the 
medium  in  sufficient  quantity  to  inhibit  their  further  development. 
It  is  not  definitely  determined  just  what  these  products  are  or  just 
how  they  are  elaborated. 

In  the  preparation  of  tuberculin  the  saturated  cultures  are  heated 
to  destroy  the  tubercle  bacteria,  filtered  through  the  Pasteur  ix 
Berkefelt  filter  to  remove  all  the  bacteria,  and  the  filtrate  condensed 
over  a  water  bath.  To  the  properly  concentrated  fluid  a  little  car- 
bolic add  is  added  to  preserve  it.  It  is  evident,  therefore,  that 
tuberculin  cannot  produce  tuberculosis,  as  the  tubercle  bacteria  have 
been  first  killed  by  heat  and  then  removed  by  filtration.  It  has  never 
been  known  to  produce  any  bad  effect  upon  either  tubercular  cattle 
or  healthly  ones.  It  is  the  most  accurate  test  for  the  detection  of 
disease  that  is  known  to  medical  science. 

APPLICATION  OF  TUBERCULIN. 
In  applying  the  tuberculin  it  is  important  to  observe  the  following: 

1.  The  normal  temperature  of  the  animal  to  be  tested  must  be 
determined.  It  is  recommended  that  it  be  taken  hourly  or  every 
two  hours  for  the  day  proceeding  the  test.  In  practice  veterin- 
arians usually  take  the  temperature  but  once  or  twice  before  in- 
jecting the  tubeculin. 

2.  The  tuberculin  is  injected  subcutaneously  in  the  side  of  the 
neck.  Care  should  be  taken  that  the  syringe  is  sterile  and  the  site 
of  injection  should  be  disinfected.  The  size  of  the  dose  depends 
upon  the  preparation  of  the  tuberculin,  that  is,  the  degree  of  its 
concentration. 

3.  Beginning  6  or  8  hours  after  injection  the  temperature  should 
be  taken  hourly,  or  at  least  every  two  hours  for  fully  three-fourthB 
of  a  day. 

4.  During  the  time  of  testing  the  cattle  should  be  kept  quiet  and 
free  from  all  exposures  and  fed  normally. 

5.  In  case  of  reaction  there  should  be  a  rise  of  at  least  1.5"  E. 
above  the  normal  individual  temperature  as  determined  on  the  pre- 
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ceding  day.  In  order  to  avoid  error  several  initial  temperatures 
should  be  taken.  In  practice,  veterinarians  usually  take  only  a  single 
temperature  to  determine  if  the  cow  is  not  suffering  from  a  fever, 
due  perhaps  to  other  causes.  The  reaction  in  such  cases  is  deter- 
mined by  the  temperature  curve.  This  procedure  is  liable  to  give 
erroneous  results.  The  elevation  of  temperature  should  come  on 
gradually,  remaining  practically  at  its  maximum  for  a  few  hours 
and  gradually  subside.  Erratic  elevations  of  short  duration  are  to 
be  excluded.    In  cases  of  doubt  the  animal  should  be  retested. 

6.  Animals  advanced  in  pregnancy  and  those  known  to  be  suf- 
fering from  any  disease  should  be  excluded.  All  methods  of  treat- 
ment, including  exposure  to  cold  or  kind  of  food  or  drink  which 
would  tend  to  modify  the  temperature  should  be  avoided.  Ani- 
mals in  which  tuberculosis  is  far  advanced  are  said  sometimes  to 
fail  to  react.*' 

7.  The  dose  of  tuberculin  should  vary  to  correspond  to  the 
weight  of  the  animal.  The  dose  for  an  adult  cow  of  average 
weight  is  0.25  cc.  of  the  concentrated  Koch  tuberculin.  This 
should  be  diluted  to  z  cc.  with  a-  weak  (i  per  ct.)  solution  of  car- 
bolic acid  before  injecting.  The  tuberculin  prepared  at  the  New 
York  State  Veterinary  College  is  ready  to  inject  when  it  is  sent 
out.  In  cases  where  a  second  test  is  made  within  a  few  days  the 
quantity  of  tuberculin  injected  should  be  larger  than  for  the  first 
test. 

The  interpretation  of  the  temperature  record  requires  care.  If, 
however,  all  conditions  pertaining  to  the  protection  of  the  animal 
have  been  fulfilled,  the  temperature  curve  mentioned  is  a  very  sure 
indication  that  the  animal  is  suffering  from  an  active,  although  it 
may  be  a  very  small,  tubercular  growth.  If  there  is  no  reaction 
the  correct  interpretation  is  more  difficult.  In  this  case  there  are 
three  conditions  which  must  be  taken  into  account,  namely:  (i)  If 
the  animal  is  extensively  diseased  it  may  not  react.  In  this  case 
the  physical  condition  would  show  that  the  animal  was  at  least  not 
healthy.     (2)   If  the  test  was  made  during  the  period  of  incuba- 

"Such  a  case  has  not  come  under  onr  immediate  observation.  Aurora 
gave  a  decided  reaction  when  her  body  was  literally  filled  with  tuberculous 
tissues.    See  page  47. 
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tion  there  would  be  no  reaction  although  the  disease  may  soon 
develop.  To  overcome  this  danger  a  subsequent  test  should  be 
made  in  from  three  to  six  months.  (3)  It  is  known  that  cows  that 
have  reacted,  may,  because  of  the  arrest  of  the  disease,  fail  to  re- 
act subsequently  but  later  the  disease  may  start  up  again,  when 
the  animal  would  react.  We  have  records  of  several  cases  of  this 
kind.  Great  care  must  be  exercised,  therefore,  in  the  interpreta- 
tion of  negative  results,  especially  in  tests  made  in  herds  where 
tuberculosis  exists,  and  where  it  is  possible  that  the  animals  failing 
to  react  have  been  infected. 

COMPOSITION  OF  THE  STATION  HERD. 

In  December,  1900,  the  Station  herd  contained  seventeen  mature 
cows  and  eleven  heifers  ranging  in  age  from  eight  months  to  two 
years.  Eight  of  the  cows  were  full-blooded  Jerseys  and  the  re- 
mainder, with  a  single  exception,  were  Jersey  grades.  Two  of  the 
cows  had  been  raised  on  the  farm,  while  the  remaining  fifteen  had 
been  purchased  in  189S-1899.  The  purchased  animals  represented 
nine  herds  in  the  central  part  of  the  State. 

Care  had  been  exercised  in  purchasing  to  procure  desirable  ani- 
mals from  all  points  of  view.  They  were  not  bought,  however, 
subject  to  the  tuberculin  test," 

The  young  stock  had  all  been  raised  on  the  farm  and  repre- 
sented the  most  promising  heifers  of  the  two  preceding  seasons. 

FINDING  TUBERCULOSIS  IN  THE  HERD. 
In  the  fall  of  igoo,  Cow  No.  8,  which  had-  been  purchased  by 
the  Station  in  1898,  steadily  lost  flesh.  She  was  given  a  physical 
examination  on  Nov.  27  by  a  local  veterinarian  who  pronounced 
her  tuberculous.  She  was  promptly  killed  and  found  to  be  suffer- 
ing, from  the  disease  in  its  advanced  stage,**     As  in  many  other 

"  Soon  after  the  arrival  of  the  new  animals  abortion  became  troublesome 
and  continaed  for  some  years.  This  trouble  seriously  interfered  with  our 
later  attempts  at  renewing  the  cows  through  their  offspring  as  not  only  did 
many  of  the  old  cows  lose  a  calf  but  for  some  years  practically  every  heifer 
lost  one  calf  and  in  one  case  two  in  succession. 

"The  autopsy  notes  show  the  following  distribution  of  lesions: 
"  Bight    sub-maxillary    lymph    gland   contained    pus.    Caudal    mediastinal 
lymph   gland  enlarged  to  eight   inches  in  length  and  tuberculous.    Ltings 

r.L.du'^jOOglc 
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herds,  the  brealdiig  down  of  a  tuberculous  animal  was  the  first 
intimatioii  that  the  disease  had  gained  a  foothold. 

Naturally  the  first  question  that  arose  was  as  to  the  state  of 
health  of  the  remaining  animals.  But  two  methods  of  determining 
their  condition  were  available ;  the  physical  examination  and  the 
tuberculin  test.  Physical  examination  is  a  general  method  which 
is  comin<mly  applied  to  the  diagnosis  of  many  animal  diseases. 
For  the  reason  that  dairymen  are  familiar  with  it  and  constantly 
using  it  in  handling  their  cattle  many  of  them  are  inclined  to  place 
more  confidence  in  its  results  than  in  a  method  with  which  they 
have  had  practically  no  experience.  In  detecting-  the  early  stages 
of  tuberculosis  in  cattle,  physical  examination  is  of  little  assistance 
because  at  this  stage  the  disease  is  ordinarily  located  in  the  deep- 
lying  glands  entirely  out  of  the  range  of  observation.  It  is  only 
when  the  disease  has  progressed  to  the  point  where  considerable 
lung  tissue  is  involved  or  some  of  the  superficial  glands  are  con- 
siderably enlarged  that  the  tubercular  condition  may  be  readily 
detected. 

normal  except  for  a  tubercular  area  in  each  caudal  lobe,  the  larger  bdng 
on  the  left  side.  Heart  and  pleurae  were  oormaL  Many  tubercles  $4  to  ^ 
inch  in  diameter  scattered  over  the  peritoneum.  Capsule  of  the  liver  wai 
dotted  over  with  tubercles  but  the  liver  itself  appeared  to  be  normal.  Utenu 
was  infiltrated  ,with  tubercular  tissue.  The  ovaries  contained  caseated 
masses,  probably  tubercular,  in  the  center  of  each..  The  udder,  which  wa* 
considerably  enlarged  at  the  date  of  killing,  was  removed  to  the  laboratory. 
Here  it  was  cut  into  thin  slices  and  carefully  observed  but  no  tubercles  wov 
found." 

November  30,  three  rabbits  were  injected  with  material  from  Cow  No.  & 
One  received  a  portion  of  the  milk  from  the  ndder.  a  secmd  received  pni 
from  an  ovary  while  the  third  was  injected  with  water  in  which  two  small 
tubercles  from  the  uterus  had  been  crushed. 

February  12  one  of  the  rabbits  died  and  the  other  two  were  killed.  The 
autopsies  in  all  cases  showed  well  marked  tuberculosis.  The  lungs  and 
diaphragm  of  alt  three  were  affected,  in  one  case  to  such  an  extent  as  to 
make  breathing  difficult.  In  two  cases  the  peritoneum  was  covered  with 
modules  while  in  the  third  case  where  the  injecting  needle  had  not  reached 
the  abdominal  cavity  there  was  a  large  fibrous  mass  with  pus  at  its  center. 
One  or  both  kidneys  in  each  of  the  rabbits  contained  tubercles.  These 
results  made  it  plain  that  not.. only  was  cow  No.  8  suffering  from  tubercu- 
losis in  an  advanced  stage  but  what  was  more  alarming  her  milk  contained 
virulent  tubercle  bacilli.  This  latter  fact  was  especially  interesting  in  view  of 
the  failure  to  find  any  tubercular  lesions  in  the  tissue  of  the  udder  even  when 
it  was  cut  into  thin  strips  and  carefully  examined  both  by  sight  and  touch. 
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The  tuberculin  test,  on  the  other  hand,  responds  to  the  presence 
of  a  single  active  tubercular  nodule  as  readily  as  to  a  number,  but 
it  unfortunately  does  not  give  any  measure  of  the  extent  of  the 
disease.  From  these  facts  it  would  seem  plain  that  when  dealing 
with  the  early  stages  of  this  disease  the  tuberculin  is  the  more 
efficient  guide.  In  our  own  case  only  one  animal  was  considered 
suspicious  on  physical  examination  while  a  tuberculin  test  of  the 
herd,  on  Dec.  5-6,  1900,  gave  a  positive  reaction  with  eight  mature 
cows  and  seven  of  the  young  cattle  out  of  a  total  of  twenty-«ght,** 
As  will  be  seen  the  subsequent  results  proved  the  reliability  of  the 
test. 

CONSIDERING  THE  SITUATION. 

A  sound  herd  was  a  necessity  in  order  that  the  experimental  work 
of  the  Station  might  be  properly  conducted.  With  more  than  one- 
half  of  our  cattle  diseased,  the  question  was  as  to  the  best  way  to 
obtain  a  sound  herd.  The  cmly  way  in  which  we  could  do  this  was 
either  by  disposing  of  the  diseased  animals  and  buying  sound  ones 
or  by  following  the  Bang  method  which  has  already  been  described. 

The  common  method  of  disposing  of  reacting  animals  was  by 
slaughter  and  burial.  Where  this  wasteful  method  is  not  followed 
but  the  cattle  in  the  earlier  stages  of  the  disease  are  fattened  and 
sold  for  beef,  subject  to  Federal  inspection,  only  the  beef  value  of 
a  part  of  the  animals  could  be  obtained.  In  this  herd  all  of  the 
animals  represented  good  breeding  and  a  part  of  them  were  regis- 
tered stock.  By  following  the  slaughter  method  all  of  the  advan- 
tages of  this  breeding  would  be  lost.    Again  it  would  be  necessary 

"The  stable  in  which  these  animals  were  kept  was  a  large  basement  with 
two  rows  of  stanchions  facing  each  other  but  with  a  wide  driveway  extend- 
ing down  the  center.  While  the  cattle  were  let  out  daily,  in  suitable  weather, 
into  the  paddock  or  pasture  they  were  returned  each  night  regularly  to  their 
own  Stanchions.  Accordingly  the  location  of  the  diseased  animab  in  the 
bam  is  of  interest.  Cow  No.  8  had  stood  midway  in  a  row  of  fifteen  mature 
uiimals.  The  first  four  cows  standing  immediately  to  her  right  all  reacted 
and  the  first  three  and  the  fifth  cow  standing  to  her  left  also  reacted. 
These  eight  were  the  only  mature  cows  which  responded  to  this  tuberculin 
test  The  two  oldest  heifers  were  at  the  extreme  right  of  the  line  of  cowl 
and  did  not  react  The  remainder  of  the  young  cattle  were  at  the  opposite 
aide  of  the  bam  and  arranged  according  to  age.  The  two  oldest  at  the  end 
of  the  line  did  not  react  but  the  seven  younger  heifers  ranging  in  age  from 
eight  to  seventeen  months  all  reacted. 
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to  buy  cows  to  replace  the  diseased  ones,  and  even  if  bought  sub- 
ject to  the  tuberculin  test  there  was  a  strong  probability  that  they 
would  not  all  be  sound  animals." 

It  was  accordingly  decided  to  apply  the  Bang  method  as  soon  as 
suitable  quarters  could  be  provided  for  the  two  herds.  A  substan- 
tial addition  to  our  stables  was  then  being  built  and  was  ready  for 
use  in  March,  1901. 

PARTIAL  SEPARATION  OF  THE  HERD. 

Ten  cows  and  six  calves  were  transferred  to  this  new  staUe  la 
March,  1901.  Because  of  the  time  which  had  elapsed  since  the 
test,  cows  were  selected  from  those  which  had  not  reacted  at  the 
previous  test  and  included  only  the  two  oldest  non-reacting 
heifers.  Five  of  the  calves  had  been  dropped  since  the  previous 
test  and  had  been  raised  on  pasteurized  milk." 

The  remaining  heifer,  Nellie,  was  so  young  at  the  time  of  the 
first  test  that  she  was  not  tested  at  that  time. 

While  this  division  of  the  herd  was  made  as  the  result  of  the 
test  it  should  not  be  forgotten  that  this  test  had  been  made  some 
three  months  previous  to  the  date  of  separation.  I>uring  this 
interval  the  cattle  had  all  been  kept  in  the  same  stable  or  had 
occupied  the  same  paddock. 

CHANGES  IN  THE  HERD. 
During  the  interval  between  the  discovery  of  tuberculosis  in 
November,  igoo,  and  the  separation  of  the  sound  and  reacting 
animals  into  two  herds  in  March,  1901,  five  cows  passed  out  of 
the  herd.  Two  of  the  reacting  cows  died  with  milk  fever  and  a 
third  became  so  lame  with  a  tuberculous  joint  that  she  was  killed. 
One  reacting  and  one  sound  cow  were  sold  for  beef.  March  25, 
rgoi,  we  received  a  heifer  calf  Carey  in  exchange  for  bull  calves. 

"These  failures  to  detect  the  disease  are  largely  due  to  the  period  of 
incubation.  (See  page  jo.)  This  is  well  illustrated  by  a  cow  purchased  in 
1904  from  a  herd  containing  tuberculosis.  A  few  days  after  her  purchase 
she  did  not  read  to  the  tuberculin  test.  She  remained  in  our  sound  herd 
for  six  months  and  at  that  time  gave  a  good  reaction.  An  autopsy  made 
six  months  later  showed  two  small  tubercles  in  the  glands  of  the  neck  and 
one  small  one  in  the  luna. 

"The  milk  was  heated  to  Ss'C.  (i85°F.)  in  a  continuous  pasteurizer  such 
as  is  commonly  used  in  connection  with  butter  making. 
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She  was  added  to  the  sound  herd.  As  this  calf  became  a  part  of 
our  herd  before  the  real  beginning  of  our  work  of  breedii^  tuber- 
culosis it  has  been  thought  best  to  include  her  in  the  enumeration" 
throughout. 

During  the  years  in  which  this  work  was  in  progress  nine  cows 
and  three  bull  calves  have  been  purchased.  As  these  animals  have 
not  been  in  the  herd  for  the  full  time  and  as  they  were  all  pur- 
chased as  sound  animals  (although  as  has  been  noted,  some  be- 
came tubercular)  it  has  seemed  best  that  neither  these  cows  hot 
their  offspring  should  be  considered  in  giving  the  history  of  our 
OTiginal  herd. 

BANG  METHOD  APPLIED. 

Test  of  October,  s^oi. — After  an  interval  of  eleven  months  the 
entire  herd  was  again  tested,  October  11-12,  1901.  At  this  test 
all  the  animals  remaining  in  the  old  stable  reacted,  with  the  ex- 
cepti<Mi  of  Kittle,  one  of  the  heifers  which  had  ^ven  a  reaction 
at  the  previous  test.  Kate  and  Tess,  two  heifers  which  had  not 
reacted  in  1900,  now  gave  an  undoubted  reaction. 

In  the  new  stable  the  calf,  Nellie,  which  had  not  been  tested 
the  previous  year,  as  well  as  the  cow,  Jane,  which  stood  beside  it, 
reacted.  Two  other  cows  in  this  stable,  Millie  D.  and  Lady  of 
J/)ch,  also  gave  a  reaction. 

During  the  year  five  cows  had  developed  .the  disease  beside  the 
calf,  Nellie,  which  had  not  been  previously  tested.  This  observa- 
tion is  of  interest  as  it  gives  an  idea  of  the  rate  at  which  the  dis- 
ease was  spreading  through  the  herd. 

Separation  of  the  herd  on  the  basis  of  the  test. — The  calf  and 
the  three  cows  in  the  new  stable  which  had  given  a  reaction  with 
the  tuberculin  were  now  placed  with  the  unsound  herd.  This  left 
seven  cows  and  six  calves,  or  a  total  of  thirteen,  which  had  not 
given  a  reaction  to  the  tuberculin  test  out  of  a  total  of  thirty. 

This  was  the  condition  of  our  herd  when,  in  October,  igoi,  we 
started  to  replace  the  diseased  animals  with  sound  ones  by  means 
of  healthy  heifer  calves  raised  from  the  two  herds. 

"  She  later  produced  one  heifer  and  two  bull  calves  and  her  heifer  dropped 
a  bull  calf.  If  any  one  should  take  exceptions  to  this  manner  of  treating 
the  matter  they  have  only  to  deduct  one  from  the  hst  of  sound  animals  at 
the  beginning  and  two  from  the  list  at  the  close  to  obtain  the  corrected 
number.  r; -....du  >.  AHty  iC 
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In  accomplishing  this  end  we  did  not  hesitate  to  reject  any 
healthy  cow  or  calf  when  for  any  reason  it  did  not  give  promise 
of  being  a  profitable  and  desirable  dairy  animal.  Belle  of  Spring 
3!rook  was  sold  for  beef  before  the  end  of  the  year  because  of 
sterility.  Pet  was  also  sold  for  beef  because  she  was  not  a  suf- 
ficiently profitable  animal  to  be  desirable  for  breeding  purposes. 
For  the  same  reason  five  of  the  reacting  animals  were  disposed 
of  at  the  same  time. 

DISINFECTION  OF  THE  STABLES. 

If  the  herd  was  to  be  kept  healthy  it  was  necessary  that  any 
germs  of  tuberculosis  which  may  have  been  scattered  in  the  new 
stable  by  the  tuberculous  animals  be  destroyed.  Accordingly  the 
new  stable  was  first  cleaned  and  swept  and  the  floor  allowed  to 
dry.  This  latter  precaution  was  taken  in  order  to  insure  good 
penetration  of  the  disinfecting  solutions. 

When  in  proper  condition  the  entire  interior  of  the  stable,  with 
all  the  utensils  in  use  there,  was  sprayed  with  a  solution  of  cor- 
rosive sublimate,  one  part  to  one  thousand  parts  of  water.** 

The  disinfecting  solution  was  applied  in  a  fine  spray  with  the 
hope  of  hitting  every  part  of  the  surface,  but  the  application  was 
continued  until  the  surface  was  soaked  so  that  there  might  be 
enough  material  at  hand  to  penetrate  to  considerable  depth  in 
porous  places. 

When  the  application  of  corrosive  sublimate  was  dry  the  walls 
and  stanchions  were  treated  to  a  coat  of  oil  or  paint,  dependit^ 
upon  the  way  in  which  they  were  originally  finished. 

In  order  to  reduce  the  danger  of  reinfection  and  consequent 
aggravation  of  the  disease,  as  well  as  to  decrease  the  danger  of 
the  infected  material  being  carried  into  the  new  stable,  the  old 
stable  was  also  disinfected. 

After  a  thorough  sweeping  down  and  cleaning  out,  this  stable 
was  also  carefully  sprayed  with  corrosive  sublimate.  In  this  stable 
the  disinfection  was  followed  by  a  coat  of  whitewash.  We  at- 
tempted to  apply  this  with  a  hand  spray  pump,  thinking  that  in 

■This  strenRth  is  most  conveniently  obtained  by  the  use  of  compressed 
tablets  which  may  be  obtained  at  any  drug  store;  or  aH  ounces  of  the 
powdered  corrosive  sublimate  Co  Rfteen  gallons  of  water  will  give  a  solution 
of  the  desired  strength.  r    -i'.  di'  \- jtH'V  H^" 
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this  way  we  could  more  effectually  fill  the  small  crevices.  It  did 
not  seem  in'actical  in  this  way  to  handle  a  whitewash  of  sufficient 
body  to  give  satisfaction.  With  a  power  sprayer  it  is  quite  pos- 
^ble  that  the  result  might  be  better.  The  caustic  effect  of  the 
freshly-prepared  whitewash  is  such  as  to  destroy  the  germs  with 
which  it  comes  in  contact.  While  it  is  a  good  disinfectant,  as  far 
M  it  reaches,  its  mechanical  form  is  such  that  it  does  not  pene- 
trate into  all  of  the  crevices  where  it  is  desirable  that  a  disin- 
fectant should  go.  For  this  reason  we  had  made  the  previous 
application  of  corrosive  sublimate. 

PLAN  FOR  HANDLING  THE  HERDS. 

The  stables  having  thus  been  rendered  as  free  irom  tubercle 
bacilli  as  it  was  practical  to  get  them,  and  all  animals  which  had 
given  evidence  of  tuberculosis  having  been  taken  out  of  the  new 
stable,  the  task  of  producing  a  sound  herd  of  equal  size  was  begun. 

As  has  been  explained,  the  plan  was  to  prevent  tlie  disease  front 
attaddng  any  more  of  the  sound  animals  if  possible  and  to  relv 
upon  the  healthy  calves  to  rebuild  the  herd.  In  order  to  accom- 
plish this  certain  precautions  seemed  necessary. 

In  the  healthy  herd. —  The  animals  were  kept  iioni  all  contact 
with  the  diseased  ones  both  in  t"he  stable  and  in  the  pasture.  The 
food  and  water  supply  was'  carefully  guarded  from  infection  by 
(he  germs  of  tuberculosis.  A  satisfactory  water  supply  at  the  barn 
is  difficult  to  arrange.  A  single  diseased  animal  using  the  com- 
mon source  of  supply  is  liable  to  contaminate  it.  For  a  year  we 
used  individual  pails  but  found  it  a  troublesome  method. 

No  bam  utensils  of  any  kind  were  taken  from  the  stable  of 
the  infected  cows  into  that  of  the  healthy  herd  without  first  being 
so  treated  as  to  remove  the  danger  of  carrying  disease. 

So  far  as  was  practical  the  two  herds  were  looked  after  by  dif- 
ferent men.  When  it  became  necessary  for  a  single  attendant  to 
work  with  both  herds  the  use  of  a  separate  pair  of  shoes  ana 
outer  garments  in  the  two  bams  was  required. 

The  ventilation  of  the  bam  was  adjusted  with  the  aim  of  sup 
plying  an  abundance  of  fresh  air,  and  the  exercise  and  food  of  the 
animals-  was  arranged  with  the  idea  of  keeping  them  in  vigorous 
ctmdition  rather  than  of  forcing  a  large  production. 
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The  cattle  were  tested  with  tuberculin  twice  each  year  in  order 
that  any  cases  of  disease  which  might  develop  might  be  detected 
before  it  had  spread  to  other  animals.  May  and  November  were 
preferred  for  making  the  test,  but  the  exact  time  was  determined 
partly  by  convenience  and  partly  by  a  desire  to  avoid  testing  cows 
in  an  advanced  state  of  pregnancy.  Cows  were  usually  omitted 
from  the  test  when  within  six  weeks  of  the  date  when  they  were 
due  to  calve.  Strictly  speaking,  no  purchased  animal  should  have 
been  admitted  to  the  sound  herd  until  it  had  been  tested  with  tuber- 
culin and  failed  to  react.  For  lack  of  a  convenient  place  for  hold- 
ing such  animals  in  quarantine  they  were  usually  placed  in  the 
sound  herd  and  tested  within  a  few  weeks.  In  a  number  of  cases 
they  were  found  to  be  tuberculous,  and  accordingly  for  a  time 
had  exposed  the  herd  to  serious  danger. 

Animals  reacting  to  tuberculin  were  at  once  removed  to  the  other 
herd  and  were  considered  as  tuberculous  after  that  time,  no  mat- 
ter what  reaction  they  gave  later.  There-  may  be  exceptions  to  the 
rule  that  an  animal  once  tuberculous  always  remains  so,  but  in  the 
present  state  of  our  knowledge  the  only  safe  course  lies  in  ob- 
serving it. 

In  the  diseased  herd. —  The  cattle  were  given  the  same  care  as 
to  their  feed  and  general  condition  that  was  bestowed  upon  the 
sound  herd.  It  was  often  a  matter  of  cwnment  by  persons  who 
inspected  both  herds  at  different  times  during  the  progress  of  the 
work  of  the  diseased  herd,  so  far  as  physical  appearance  went, 
was  fully  the  equal  of  the  sound  one. 

The  cattle  were  tested  with  tuberculin  at  least  once  a  year  and 
in  most  cases  twice.  This  was  done  for  the  purpose  of  scientific 
study  rather  than  with  any  idea  of  returning  them  to  the  sound 
herd. 

Whenever  any  of  the  animals  were  found  to  be  unsatisfactory 
for  breeding  purposes  and  were  in  good  condition  they  were  sold 
for  beef. 

When  any  of  the  animals  began  to  show  signs  of  breaking  down 
due  to  the  disease  they  were  killed  and  buried.  This  was  done 
because  their  usefulness  was  about  at  an  end  and  to  have  kept 
them  longer  would  have  needlessly  exposed  their  companions  and 
have  increased  the  danger  to  the  sound  herd.  For  this  reascn 
Cows  No.  4  and  No.  lo  were  killed  in  November,  igoiJ-'yi^ 
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A  few  of  the  tuberculous  cows  were  killed  in  order  to  clear  up 
certain  questions  which  arose  in  connection  with  the  work. 

The  milk  from  the  tuberculous  herd  was  handled  in  entirely 
separate  utensils  and  was  passed ,  through  a  continuous  pasteurizer 
at  85°C,  (i85''F.).  It  was  then  considered  harmless*"  and  the  skim 
milk  was  fed  to  the  calves  and  the  cream  made  into  butter.  During 
a  considerable  period  the  milk  was  used, after  being  thus  pasteurized, 
for  the  local  milk  trade  with  entire  satisfaction. 

The  calves  from  the  tuberculous  cows  were  at  once  removed  to 
the  sound  herd  and  were  fed  on  the  full  milk  of  the  sound  cows 
and  later  upon  the  mixed,  pasteurized,  skim  milk  from  both  herds. 

CHANGES    INDUCED   BY   THE   BURNING  OF   THE   BARNS. 

In  May,  1902,  the  Station  bams  were  destroyed  by  fire.  This 
fire  started  in  the  upper  portion  of  the  new  stable"  and  spread  so 
rapidly  that  three  calves  and  one  two  year  old  heifer  froni  the 
sound  herd  were  destroyed.  In  the  confusion  attending  the  re- 
moval of  the  cattle  from  the  stables  both  herds  were  allowed  to 
mingle  and  remain  together  for  a  few  hours.  "  They  were,  however,' 
promptly  separated  and  placed  in  temporary  (Quarters. 

Up  to  this  time  we  had  accurate  records  of  the  food  consumed 
and  milk  produced  by  each  anira^i  From  this  data  we  hoped  to 
obtain  some  information  concerning  the  relative  profit  of  keeping 
tuberculous  and  sound  cows.  All  of  these  data  were  lost  through 
the  burning  of  the  barns  and  until  some  months  later  it  was  not 
practicable  to  continue  these  observations.  It  then  seemed  neces- 
sary and  dispose  of  all  of  the  least  promising  cows  on  account  of 
the  lack  of  stable  facilities.  A  comparison  of  the  relative  profit 
after  such  a  process  of  selection  would  be  of  little  value  and  has 
not  been  attempted. 

PROGRESS  OF  THE  EXPERIMENT. 

Test  of  June,  1902. — At  this  test  we  had  thirteen  sound  animals, 
twelve  from  the  last  test  and  a  calf  from  the  tuberculous  Millie  D. 

The  fourteen  diseased  animals  all  reacted,  including  Kittie  who 
had  failed  to  do  so  at  the  test  in  1901. 

■The  fact  that  all  of  the  25  calves  fed  with  this  milk  remained  free  from 
tuberculosis  is  good  evidence  that  it  was  really  harmless. 
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Jane  was  killed  just  prior  to  the  test  as  she  was  failing  fast 
The  disease  had  vigorously  attacked  her  liver  which  probably  ac- 
counted for  her  breaking  down  in  about  a  year  after  she  had  con- 
tracted tuberculosis. 

Test  of  December,  1902, —  In  the  sound  herd,  Belle  of  Spring 
Brook  and  Pet  had  been  sold  for  beef.  The  eleven  animals  re- 
maining from  the  previous  test  failed  to  react  as  did  the  calf  of 
the  tuberculous  Aurora,  giving  us  a  total  of  12  sound  animals. 

In  the  diseased  herd  five  animals  had  been  sold  for  beef  and 
Cassy,  who  was  breaking  under  the  disease,  was  killed.  The  au- 
topsy showed  fairly  generalized  tuberculosis.  Of  the  eight  re- 
maining cows.  Cow  No.  9  was  not  tested  because  she  was  abotn 
due  to  calve.  The  other  seven  were  tested  and  all  reacted  except 
Millie  D. 

Test  of  April,  1903. — The  twelve  healthy  animals  and  the  three 
calves,  all  from  healthy  cows,  failed  to  react  making  a  total  of  15 
sound  animals.  The  tuberculous  herd  was  not  tested.  Cow  No.  9 
died  with  milk  fever  just  after  the  date  of  the  previous  test,  leaving 
but  seven  diseased  animals. 

Test  of  December,  1903. — The  sound  herd,  consisting  of  the 
fifteen  head  at  the  last  test,  now  numbered  twenty,  three  of  the 
five  calves  coming  from  the  diseased  herd.     All  passed  the  test 

In  the  diseased  herd  Aurora  was  not  tested  because  she  was 
about  due  to  calve  and  of  the  remaining  six  only  Chloe  and  Nettie 
gave  a  reaction.  No  satisfactory  reason  can  be  given  for  the 
failure  of  the  other  four  to  react. 

Test  of  May,  1904. — The  sound  herd  contained  twenty-four  ani- 
mals at  the  date  of  testing,  two  of  the  four  calves  dropped  since 
the  last  test  coming  from  the  diseased  herd,  A  single  animal, 
Daisy  of  Loch,  gave  a  typical  reaction  with  the  tuberculin,  leaving 
us  23  sound  animals.  Almost  immediately  following  the  test  this 
cow  became  so  lame  as  to  be  practically  helpless.  Treatment  failed 
to  relieve  the  trouble  and  she  was  killed.  An  autopsy  showed  the 
presence  of  a  few  tubercular  lesions  in  the  mediastinal  glands.  This 
was  evidently  a  case  of  recent  infection  and  as  we  obtained  a  re- 
action at  the  same  test  from  a  cow  which  had  been  added  to  the 
herd  by  purchase  an  explanation  of  the  avenue  of  infection  seems 
simple.  This  was  the  first  case  of  infection  in  our  sound  herd 
after  the  separation  in  1901. 

'     '        o 
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The  lameness  was  apparently  not  connected  with  tuberculosis 
but  was  probably  due  to  accident.  At  least  no  evidence  oi  tubercular 
lesions  could  be  found  in  the  affected  joint. 

With  the  exception  of  Millie  D.  the  seven  diseased  cows  all 
gave  a  reaction  with  the  tuberculin.  The  reaction  was  a  sur- 
prise in  the  case  of  Aurora  who  had  been  failing  very  rapidly 
and  was  now  plainly  in  the  last  stages  of  the  disease.  It  is  often 
stated  that  animals  in  such  a  condition  fail  to  react.  She  was 
killed  and  examined  shortly  after  the  test  and  was  as  full  of  dis- 
eased tissue  as  a  cow  could  well  be  conceived  of  being.  Her  lungs 
were  so  solid  that  they  did  not  collapse  after  death  and  both  body 
cavities  were  so  covered  with  tubercles  as  fairly  to  obscure  the  mem- 
brane upon  which  they  rested. 

Test  of  November,  1904. — ^Al!  of  the  members  of  the  sound  herd 
failed  to  react.  This  herd  now  contained  the  twenty-three  animals 
which  were  sound  at  the  last  test  and  two  calves,  both  coming 
from  diseased  cows,  making  a  total  of  25. 

Millie  D.  and  Lady  of  Loch  of  the  six  diseased  animals  failed  to 
react. 

Test  of  May,  1905. — The  sound  herd  now  contained  twenty-nine 
animals,  of  the  increase  3  being  due  to  calves  from  the  sound  herd  and 
I  from  the  diseased.  All  of  this  herd  passed  the  test  except  Aurora's 
Fancy,  leaving  28  sound  animals.  This  was  the  second  and  the 
latest  case  of  a  member  of  our  sound  herd  becoming  diseased. 
This  animal  was  the  last  calf  dropped  by  Aurora  at  a  time  when 
the  dam  was  in  the  advanced  stages  of  the  disease.  The  calf  was 
always  of  doubtful  vigor  and  its  destruction  on  this  account  had 
been  discussed.  However,  on  account  of  the  desirable  breeding 
involved  it  was  thought  best  to  hold  her  until  she  had  shown  her 
ability  as  a  milker.  She  was  evidently  not  diseased  from  birth  as 
she  had  failed  to  react  as  a  yearling.  Two  avenues  of  infection 
may  be  su^ested  but  neither  of  them  seems  satisfactory.  The 
bull  pen  is  in  the  same  stable  in  which  the  young  cattle  are  kept 
and  our  bull  had  given  a  typical  reaction  the  year  previous.  Also 
the  man  who  had  charge  of  the  tuberculous  herd  assisted  in  caring 
for  the  young  cattle.  The  main  difficulty  with  both  explanations 
is  the  fact  that  the  calf  was  sound  at  the  previous  test  and  had  been 
placed  in  pasture  immediately  after  and  had  remained  there  until 
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a  few  days  preceding  the  test  at  which  she  had  reacted.  A^iain 
if  the  stable  conditions  were  responsible  for  her  infection  it  was 
strange  that  no  similar  cases  have  developed  before  or  since. 

With  the  exceptions  of  Kate  and  Millie  D.  all  of  the  6  cows  in 
the  diseased  herd  responded  to  the  test.  As  this  was  the  last  test 
given  to  these  animals,  with  the  exception  of  Millie  D.,  the  record 
of  this  test  is  given  in  Table  I. 
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Test  of  November,  1905. —  The  sound  herd  now  contained'  the 
twenty-eight  animals  which  did  not  react  in  May  and  two  calves, 
one  descended  from  each  herd.  None  of  these  animals  gave  any 
reaction  to  the  tuberculin. 

Millie  D.  was  the  only  member  of  the  diseased  animals  which 
was  tested  at  this  time.    She  again  failed  to  react. 

This  test  practically  closes  this  experiment  as  we  had  now  thirty 
sound  animals  which  was  the  total  number  in  our  herd  at  the 
time  we  undertook  to  stop  the  further  spread  of  the  disease  and 
replace  the  diseased  animals  by  healthy  calves. 

SUMMARY  OF  CONDITION  OF  STATION  HERD. 

Table  II  shows  the  progress  of  the  work  during  the  four 
years,  giving  the  standing  of  the  herds  at  each  test  as  well  as 
the  changes  occurring  during  the  preceding  six  months.  From 
the  table  it  will  be  seen  that  it  took  four  years  to  replace  the 
seventeen  animals  which  were  diseased  at  the  beginning,  the  two 
which  later  contracted  the  disease,  the  four  which  were  burned 
with  the  barn,  and  the  two  which  were  sold,  making  a  total  of 
twenty-five.  Of  this  number  of  calves  eleven  have  descended  from 
the  thirteen  sound  animals  and  fourteen  from  the  seventeen  dis- 
eased animals.  The  contribution  from  the  diseased  herd  was 
affected  by  the  removal  of  nine  of  the  cows  during  the  first  year 
of  the  experiment  without  their  producing  offspring  and  by  two 
of  the  remainder  producing  only  bull  calves. 

This  work  was  carried  out  in  the  face  of  as  many  natural  dif- 
ficulties as  can  ordinarily  be  expected  in  an  average  dairy.  It  is 
accordingly  believed  that  with  good  care  the  rebuilding  of  a  simi- 
lar herd  can  be  regularly  accomplished  in  from  three  to  five  years. 
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Tablb  II. — Summary  of  Condition  or  Station  Herd. 
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THE  SALE  OF  TUBERCULOUS  COWS  FOR  BEEF. 
The  most  exacting  rules  which  are  employed  in  this  country 
in  judging  of  the  quality  of  meat  for  human  food  are  those  of  the 
Bureau  of  Animal  Industry.^  Similar  regulations  are  in  force 
in  many  of  the  more  highly  civilized  countries.**  These  rules 
are  applied  in  all  of  the  slaughter  houses  which  are  engaged  in 
inter-state  or  export  trade  and  they  specifically  provide  that  car- 
casses of  cattle  affected  with  tuberculosis  in  which  the  lesions  do 
not  exceed  a  stated  limit  shall  be  stamped  the  same  as  those  from 
absolutely  sound   animals.     As  a  result  of   the   inspection   under 

"The  regulations  applying  to  tuberculosis  catlle  are  given  on  page  33. 

"The  Royal  Commission  of  England  reports  that  "as  a  result  of  the  in- 
spection in  29  towns  in  Saxony  during  the  year  1895  tuberculosis  was  found 
to  exist  in  22.758  carcasses  —  being  27,48  per  ct.  of  the  whole  numbeir 
slaughtered.  Of  the  total  number,  22,758  carcasses,  showing  tuberculous 
lesions,  21,062  or  92j^  per  ct,  were  passed  as  lit  for  food;  1,256  or  about 
S]4  per  ct,  were  disposed  of  in  the  Freibaiik  as  inferior  meat,  at  a  fixed 
cheap  rate;  and  the  remainder,  440  carcasses  or  2  per  ct.  of  the  whole 
number  pronounced  tuberculous  in  a  greater  or  less  degree  were  condemned 
as  unfit  for  food  and  destroyed,  (From  Report  of  N.  Y.  Assembly  Com- 
mittee^ 1901) 
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these  rules,  a  considerable  amount  of  beef**  from  tuberculous  ani- 
mals is  annually  included  in  that  class  which  is  justly  considered 
the  best  beef  on  the  American  and  European  markets. 

The  animals  disposed  of  by  us  were  sold  with  the  understand- 
ing that  they  should  be  sent  to  slaughter-houses  where  the  car- 
casses would  receive  an  official  inspection. 

If  one  studies  the  nature  of  tuberculosis,  it  is  evident,  as  experi- 
ments and  practice  have  shown,  that  localized  lesions  enclose  the 
tubercle  bacteria  and  that  the  danger  from  consuming  the  flesh 
of  such  animals  is  very  slight.  If  the  disease  is  generalized,  i.  e., 
the  lesions  are  distributed  in  the  organs  of  both  the  large  body 
cavities  or,  according  to  Ostertag,  if  there  is  an  old  tubercular 
lesion  and  many  small  miliary  tubercles  in  organs  in  the  same 
body  cavity,  the  carcass  should  be  condemned. 

Experience  has  shown  that  when  reacting  animals  of  a  herd 
are  killed,  after  the  tuberculin  test,  a  very  large  percentage  of 
them  are  so  slightly  diseased  that  the  lesions  would  have  escaped 
notice  had  the  animal  been  killed  in  the  ordinary  way  for  beef, 
or,  if  the  changes  are  in  evidence  they  would  not,  because  of  their 
localization,  condemn  the  carcass.  In  view  of  the  practice  of 
various  national  meat  inspections  which  have  proven  to  be  safe, 
it  seems  perfectly  proper  and  just  that  animals  that  have  reacted 
to  tuberculin  but  which,  from  the  flesh  point  of  view,  are  in  a 
fit  condition  for  beef  should  be  retained  for  food  providing  they 
pass  inspection  under  the  rules  of  the  Federal  Meat  Inspection 
Service. 

It  is  most  unfortunate  that  the  butchers  of  our  small  towns 
and  cities,  and  often  those  slaughtering  for  home  consumption  in 
our  larger  cities,  are  permitted  to  sell  meat  from  animals  that  are 
not  so  inspected  at  the  time  of  slaughter.  In  the  absence  of 
such  a  general  system,  the  published  rules  of  the  Federal  Meat 
Inspection  Service  (see  page  33)  make  it  possible  for  a  competent 
veterinarian  to  decide  for  the  owner  whether  or  not  a  carcass  can 

**  Aceordinft  to  the  report  of  tlie  Bureau  of  Animal  Induitry  its  represen-^ 
tatives,  during  the  fiscal  year  i903-'o4,  made  post-mortem  inspection  of 
6,383,080  cattle  and  34,170,230  hogs.  Of  these  10,17.1  carcasses  and  703 
parts  of  carcasses  of  cattle  and  34.656  carcasses  and  181,820  parts  of  carcasses 
of  hofts  were  condemned  for  tuberculosis. 
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be  used  with  safety  for  food.  It  is  hoped  that  in  the  near  future 
the  laws  of  this  State  will  provide  for  the  inspection  of  such  ani- 
mals, thereby  giving  the  small  owner  an  equal  chance  with  the 
large  packing  houses  for  the  equitable  disposition  of  slightly  in- 
fected animals. 

The  situation  would  be  highly  satisfactory  if  as  consumers  we 
could  avoid  eating  the  meat  or  drinking  the  milk  of  tuberculous 
animals,  but  under  existing  conditions  we  can  hardly  expect  to 
do  this.  We  shall  approach  perfect  conditions  in  this  respect  only 
as  we  reduce  the  number  of  infected  animals.  There  can  be  :io 
hesitancy,  however,  in  the  acceptance  of  the  statement  that  the 
inspected  carcasses  are  much  to  be  preferred  to  great  quantities 
of  home-killed  beef  that  is  sold  without  inspection  of  any  kind 
and  where  the  only  protection  the  consumer  has  gainst  the  con- 
sumption of  the  meat  of  animals  suffering  from  generalized  tuber- 
culosis is  the  opinion  and  conscience  of  a  man  unskilled  in  the 
nature  of  this  disease.  If  the  meat  and  milk  of  animals  suflfering 
from  generalized  tuberculosis  can  be  excluded,  a  long  step  in 
advance  of  present  conditions  will  have  been  taken. 

AUTOPSY  ON  TUBERCULOUS  COWS  AT  CLOSE  OF 
EXPERIMENT. 

At  the  close  of  the  experiment  we  still  had  six  of  the  diseased 
cows.  Of  these  Chloe  was  in  good  condition  for  beef,  while  Millie 
D,,  who  was  now  fourteen  years  old,  was  in  poor  condition.  The 
others  were  in  average  flesh  for  dairy  cows. 

As  three  of  these  cows  had  been  diseased  for  five  years,  or 
since  they  were  calves,  and  the  other  three  hail  been  tuberculous 
for  at  least  four  years  it  seemed  best  to  hold  an  autopsy  on  these 
animals  in  order  to  note  the  progress  which  the  disease  had  made 
during  this  time. 

In  order  to  conserve  the  beef  value  which  was  in  the  cows  an 
arrangement  was  made  with  a  local  butcher  to  buy  such  of  the 
carcasses  as  should  pass  a  proper  inspection  and  were  otherwise 
in  condition  for  beef.  The  Bureau  of  Animal  Industry  kindly 
consented  to  send  an  inspector  from  Buffalo  to  pass  upon  the 
quality  of  the  carcasses  under  the  same  rules  in  use  at  the  slaughter 
houses  in  Buffalo  and  elsewhere. 
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The  local  health  officer,  when  consulted,  raised  objection,  oo 
the  basis  of  local  regulations,  to  the  sale  of  such  Government  In- 
spected meat  which  if  passed  would  have  been  of  the  same  quality 
as  that  which  is  being  shipped  to  this  city  in  car  load  tots  and 
would  have  been  immeasurably  better  from  the  standpoint  of 
public  health  than  much  df  the  locally  kilted  meat  whidi  is  sub- 
jected to  no  inspection  whatever. 

Desiring  to  avoid  any  conflict  with  the  local  authorities  the 
idea  of  selling  the  meat  was  abandoned,  but  in  order  to  determine 
what  value  still  remained  in  the  animals  the  carcasses  were  care- 
fully inspected.  For  this  work  we  availed  ourselves  of  the  ser- 
vices of  Dr.  W.  B.  Mack,  Assistant  in  the  Department  of  Com- 
parative Patholc^  and  Bacteriology  at  the  N.  Y.  State  Veterinary 
College.  While  no  longer  officially  connected  with  the  Bureau  of 
Animal  Industry,  Dr.  Mack  had  just  returned  from  Kansas  City 
where  for  some  months  he  had  served  as  a  Federal  Inspector  in 
one  of  the  large  slaughter  houses.  The  results  of  the  examina- 
tion made  by  Dr.  Mack  of  the  carcasses  of  five  of  the  tuberculous 
cows  are,  in  reference  to  that  disease,  as  follows : 

POST  MORTEM  NOTES  BY  W.  B.  MACK,  D.V.M. 

GxNKVA,  N.  v.,  Nov.  17  and  18,  1903. 
The  following  tubercular  lesions  were  found: 

Nettie. —  Mediastinal  lymphatic  glands  enlarged  and  caseated  with  a  few 
slight  calcareous  foci  in  one  of  them.  KJght  lung,  principal  lobe,  contained 
a  caseous  area  about  1.5  cm  in  diameter.  In  the  liver  substance  were  seven 
or  eight  tubercles  from  0.5  to  1.5  cm  in  diameter. 

Lily. —  Mediastinal  lymphatic  glands  enlarged  and  caseous.  Extensive 
caseous  lesions  in  both  lungs.  A  large  number  of  tubercles  from  0.3  to  t 
cm  in  diameter  attached  to  the  left  costal  pleura  and  that'  covering  the 
mediastinum.  Liver  contained  four  tubercular  -  areas  from  i  to  3  cm  ia 
diameter. 

Chloe. —  One  mediastinal  lymphatic  gland  showed  slight  tubercular  focL 
Both  prescapular  lymphatic  glands  contained  slight  foci  of  the  disease,  ap- 
parently quite  old. 

Lady.—  Mediastinal  lymphatic  glands  enlarged  and  caseous  with  extensive 
caseous  lesions  in  both  lungs. 

K'off.— Mediastinal  lymphatic  glands  somewhat  enlarged  and  contained 
■light  tubercular  foci  in  a  calcareous  condition.  Left  prescapular  gland  bai 
two  foci  of  the  disease  about  o.^  cm  in  diameter. 

"  In  my  opinion  the  cows  Chloe  and  Kate  would  pass  the  Federal  meat 
inspection.  The  lesions  in  the  others  were  either  too  extensive,  too  largely 
distributed  or  in  such  condition  as  to  warrant  their  condemnation  for  food." 
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In  considering  the  slight  progress  which  had  been  made  by  the 
disease  in  the  case  of  some  of  these  cows  it  should  be  remembered 
that  they  were  what  had  been  left  by  a  process  of  selection  from 
the  entire  herd  of  nineteen  animals. 

Millie  D.  was  in  such  poor  condition  as  to  have  little  beef  value. 
She  was  killed  and  carefully  examined  December  12.  Her  poor 
physical  condition  was  evidently  due  to  causes  incident  to  old  age 
as  a  very  complete  examination  showed  only  small  tubercles  (about 
the  size  of  a  small  pea),  evidently  well  encapsulated,  in  three  of 
the  tracheal  and  mediastinal  lymphatic  glands.  It  should  be  re- 
membered  that  this  cow  had  not  reacted  for  three  years  so  that 
the  age  of  the  lesions  can  be  very  closely  deteimined.  Atthough 
these  hard  and  sharply  circumscribed  lesions  gave  every  appearance 
of  dead  tissue,  a  Guinea  pig  was  inoculated  subcutaneously  with 
three  of  these  little  tubercles.  It  died  in  six  weeks  with  generalized 
tuberculosis.  This  observation  is  important  in  that  it  shows  how 
long  these  bacteria  may  remain  alive  in  the  encapsulated  tubercles. 
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A  STUDY  OF  THE  METABOLISM  AND  PHYS- 
IOLOGICAL EFFECTS  OF  CERTAIN 
PHOSPHORUS  COMPOUNDS 
WITH   MILCH  COWS.* 


W.  H.  JORDAN,  E.  B.  HART  and  A.  J.  PATTEN. 


INTRODUCTION. 

The  metabolisni  and  functions  of  the  ash  ingreJients  of  cattle 
foods  have  received  relatively  little  attention  from  scientific  inves- 
tigators up  to  the  present  time.  This  is  true  even  of  so  important 
an  element  as  phosphorus.  So  far,  investigators  have  given  their 
attention  chiefly  to  studies  of  the  metabolism  and  functions  of  the 
ccmpounds  included  in  the  three  classes,  proteids,  carbohydrates 
and  fats.  There  is  every  reason  for  believing,  however,  that  some 
of  the  elements  which  appear  in  plant  ash  sustain  just  as  important 
practical  relations  to  animal  production  of  various  kinds  as  do 
nitri^en  and  carbon  in  their  various  combinations. 

The  purpose  of  the  investigations  herein  reported  has  been  to 
study  some  of  the  nutritive  relations  and  functions  of  the  phos- 
phorus compounds  of  cattle  foods.  The  results  reached  in  the 
preliminary  stages  of  this  work  have  already  been  reported  in  bul- 
letins Nos.  238  and  250  in  which  certain  conclusions  as  to  the  status 
of  phosfrfiorus  in  feeding  stu^s  are  set  forth, 

PARTIAL  REVIEW  OF  PREVIOUS  1NVESTIG.\TI0NS. 

In  studies  of  phosphorus  metabolism  numerous  experiments  with 
small  animals,  as  dogs,  calves,  lambs  and  pigs,  have  been  carried 
on  both  in  this  country'  and  abroad*,  either  with  the  purpose  of 
determining  the  relative  therapeutic  values  of  diilerent  calcium  phos- 
phates in  the  pathological  condition  known  as  rickets,  or  tlieir  values 

■  A  reprint  of  Technical  Bulletin  No.  I. 

'Henry.   Wh.  Agrl.  Expt.  Sta.  Ann.  Rpt.,  6:15.    1889. 

'N.  Schenke.    Landai.  Vers.  Slat..  58:  19.    1903. 
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in  aiding  the  development  of  body  tissues  in  the  young  animal.  The 
evidence  is  quite  conclusive  that  certain  phosphates  are  useful  in  the 
former  case  but  the  data  covering  the  latter  point  are  conflicting  and 
it  is  still  an  open  question  whether  calcium  phosphates  possess 
nutritive  value  when  added  to  a  ration  of  normal  food  materials. 

Kohler^  working  with  lambs  found  that  calcium  and  phosphoric 
acid  were  most  thoroughly  assimilated  in  the  form  of  precipitated 
calcium  phosphate,  which  is  a  mixture  of  tri-  and  di-calcium  phos- 
phates. Atwater*  has  shown  that  the  ash  constituents  of  beef  are 
largely  absorbed  from  the  digestive  tract  of  man.  Hoppe-Seyler* 
finds  the  same  to  be  true  of  calcium  phosphate  and  the  several  ex- 
periments of  Gohren*,  Lehmann"'  and  Wildt^  give  similar  results 
with  small  animals. 

The  evidence  as  to  the  benefits  derived  from  the  use  of  inorganic 
phosphates  when  fed  to  sound  animals  is  contradictory.  Cohn* 
reports  observations  on  the  addition  of  calcium  phosphate  to  the 
food  of  calves  and  pigs  where  no  apparent  influence  was  exerted, 
while  a  marked  benefit  was  observed  in  experiments  with  two  to 
three-year-old  horses.  Hofmeister'  failed  to  receive  beneficial  re- 
turns from  the  use  of  precipitated  calcium  phosphate  with  three- 
months'  old  lambs.  Heiden^**  observed  an  increased  weight  and  a 
general  beneficial  influence  from  the  addition  of  25  grams  of  calcium 
phosphate  to  the  daily  food  of  weak  pigs,  but  when  stronger  animals 
were  used  no  influence  was  evident. 

Hess  and  Schaffer**  report  that  when  50  grams  of  calcium  phos- 
phate was  added  to  the  daily  food  of  four  cows  the  milk  contained 
an  increased  proportion  of  that  compound.  The  experiment 
station  at  Mockern'^  reports  most  beneficial  results  from  the  use 
of  30-50  grams  of  calcium  phosphate  in  the  daily  rations  of  steers 
which  had  shown  marked  brittleness  of  their  bones,  caused  by  ad- 
ministering  a   ration   poor   in    phosphorus.      H.   Joulie**   reports 

'Zlsehr.  Untersuck.  Nahr,  h.  GeHussmti,  8:683.    '904- 
*Zlsckr.  Biol.,  24: 16.    1888. 
'Med.  Chem.  Unlersuch..  Heft  2. 
'Landw.  Vers.  Slat.,  3:161.    1861. 
^Jahresber.  Agr.  Chem.,  16,  Bd.  a:  183,  1876. 
'Jour.  Landw.,  33:1.    1874. 
'Landw.  Vers.  Stat.,  1873,  p.  123. 
"fahrsber.  Agr.  Chem.,  16,  Bd.  3:62.    1876. 
^Lattditi.  Jahrb.  Schweii,  5:76.    1801. 
™Landw.  Vers.  Stat.,  57:  239,  1902. 
"Rev.  Agr,  Reunion,  ro:  1904. 
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experiments  on  the  use  of  phosphoric  acid  for  herbivora  which  led 
to  the  conclusion  that  such  an  addition  was  beneficial.  H.  D'- 
Auchald"  found  an  increased  weight  of  the  skeleton  of  chickens 
which  were  fed  a  ration  containing  4  grams  of  added  bone  when 
compared  with  those  not  receiving  this  addition,  and  Wheeler*" 
has  observed  that  the  addition  of  bone  ash  improves  most  grain 
rations  as  food  for  young  chicks. 

Koh^er"  has  lately  compared  the  assimilability  of  different  ionns 
of  calcium  phosphate  by  lainbs  and  has  given  to  dt-calcium  phos- 
phate a  value  iour  times  greater  than  that  of  bone  ash.  H.  Labbe'' 
in  his  own  work  menticms  the  faulty  assimilation  of  inorganic 
phosphorus  compounds  and  obtained  much  more  favorable  results 
with  such  organic  forms  as  nucleins  and  ledthins.  Desgrez  and 
Zaky"  have  also  experimented  with  the  lecithins  and  nucleins  on 
guinea  pigs,  and  marked  gains  in  weight  were  noted  when  these 
substances,  were  fed.  Gilbert  and  Fournier"  worked  with  young 
di^  with  simitar  results.  Springer^  lays  great  stress  on  the  nutri- 
tive and  stimulating  value  of  the  lecithins  found  in  cereals.  It  is 
probable  that  the  conclusions  drawn  by  Springer  cannot  all  be  at- 
tributed to  lecithins  as  othw-  phosphorus  compounds  were  present 
in  the  mateiials  he  used  in  his  experiments. 

Another  phase  of  the  problem  that  has  received  attention  is 
whether  or  not  mineral  phosphates  can  be  utilized  in  the  fwma- 
tion  of  such  organic  phosphorus  structures  as  the  nucleins.  These 
latter  bodies  and  the  more  complex  nudeo-proteids  are  widely  dis- 
tributed  in  blood  and  tissues  and  the  source  of  their  phosphorus  is 
a  question  of  importance.  Rohman"  and  his  pupils  have  concluded 
ttiat  the  animal  organism  has  not  the  power  to  synthesize  organic 
phosphorus  combinations  from  phosphorus-free  proteids  and  min- 
eral phosphates,  while  Keller**  and  Ehrstrom**  have  deduced  quite 

"lour.  Agr.  Prat.,  n.  scr.  7,  1904, 

"N.  Y.  Agr.  Ejtpt  Sta.,  Bui.  242- 

"Ztjchr.  UnttTSuch.  Nahr.  w.  Geniusmll.,  8:  683,  19C4. 

"Brilish  Med.  Jour.,  No.  2267,  1904. 

^Compt.  Rend.  Soc.  Biol.,  (Paris),  57.   1904. 

"Idem,  S3: 145-    1900. 

•L'Energie  de  Croissance. 

"Berliner  Kliiusche  Wocbenschrift,  1898, 

"Archiv.  far  Kinderheilkunde,  1500. 

"Skattdinavische  Arch,  fur  Physiologie,  Bd.  14. 


Di.izedbyGoOglc 


NsW   YOEK  AcauCULTURAL  EXPERIUENT  STATION.  59 

contrary  conclusions  from  their  own  observations  and  have  given 
to  the  inorganic  phosphates  a  role  in  phosphorus  metaboHsm. 

Buchmann^  in  experiments  with  convalescent  patients  in  which 
^g-yolk  with  and  without  added  lecithin  and  edestin  formed  a 
part  of  the  diet,  concluded  that  lecithin  must  be  regarded  as  very 
important  in  inducing  gains  of  tissues  containing  phosphorus. 
Since  lecithin  was  so  superior  to  edestin  when  the  latter  was  com- 
iMned  with  inorganic  phosphates  in  the  experiments  reported,  it 
seemed  to  the  authors  that  inorganic  phosphates  was  all  excreted. 

Buchmann,  Ehrstrom^  and  Siven**  have  come  to  the  conclu- 
sion that  a  definite  relationship  between  N  and  Pj  Oj  excretion 
does  not  exist,  as  had  been  claimed,  a  relationship  according  to 
Hammarsten  of  8.1  :  i.o,  but  that  a  nitrogen  loss  accompanied 
by  a  phosphorus  storage  can  occur,  Meyer*'  has  confirmed  the 
work  of  Ehrstrom  and  Chronheim  and  MiiUer^  in  that  increased 
[diosphorus  in  the  food  increases  the  phosphorus  retained  in  the 
body  and  that  the  body  can  for  a  long  period  either  gain  or 
lose  large  quantities  of  phosphorus. 

Herter"  has  made  the  interesting  observation  that  when  he  fed 
young  animals  separated  milk,  practically  free  from  fat,  the  absorp- 
tion of  phosphoric  acid  by  them  was  for  some  reason  or  other  much 
interfered  with. 

No  attempt  has  been  made  here  to  give  a  complete  bibliography 
of  the  subject  of  phosphorus  nnetaboHsm  but  only  references  enough 
to  show  that  in  several  phases  the  work  is  still  inconclusive  and  con- 
tradictory and  demands  further  investigation. 


THE  PROBLEMS  STUDIED. 
Our  own  problem,  as  first  conceived,  was  the  narrow  one  of 
the  food  compounds  used  by  the  animal  for  the  formation  of  the 
{diosphorus-bearing  proteids  such  as  are  found  in  flesh,  milk  and 
^gs.  It  was  thought,  if  nucleo-proteid  synthesis  does  not  occur 
in  the  animal  body,  that  in  the  case  of  cows  and  hens  where 

"ZUekr.  fur  dial,  und  phys.  Tberafie,  8. 

"Loc.  Cit 

"Ch.  by  Ehrstrom. 

"Ztschr.  fur  Physiol.  Chemie.  43: 1.    1904, 

"Ztickr.  fur  dial,  and  phys.  Therapie,  6:  1903.  ,-.  j 

"Jour.  Experimental  Med.,  z:  293.    1898,  Duizedby  VjOOQIC 
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phosphorus-bearing  proteids  are  formed  in  great  abundance  in  the 
milk  and  eggs,  the  kind  and  quantity  of  phosphorus  compounds 
in  the  ration  might  have  an  important  influence  upon  production. 
As  it  was  believed  that  cattle  and  poultry  foods  probably  con- 
tained both  inorganic  and  organic  phosphorus  bodies  in  greatly 
varying  relative  and  absolute  quantities,  it  was  supposed  that 
rations  might  be  selected  which  would  show  markedly  different 
effects  upon  the  secretion  of  phosphorus-bearing  proteids  and  there- 
fore upon  production  with  cows  and  hens,  milk  and  e^s  being 
rich  in  these  bodies. 

Our  views  of  the  conditions  attending  our  proposed  investiga- 
tion were  much  modified  by  an  examination  into  the  nature  of 
the  phosphorus  compounds  of  the  various  grains  and  their  by- 
products. In  Bulletin  No.  238  of  this  Station**  it  was  first  shown, 
and  later  confirmed  by  Schulze  and  Castoro,**  that  in  normally 
grown,  non-etiolated  plants  the  phosphorus  exists  in  the  seeds 
wholly  in  organic  combinations,  while  in  the  straw  a  small  pro- 
portion occurs  in  inorganic  forms.  It  was  also  shown  in  a  later 
bulletin^  that  wheat  bran,  the  outer  layer  of  the  wheat  kernel  and 
rich  in  phosphorus,  contains  practically  all  of  this  element  in  an 
organic  combination  of  an  entirely  different  nature  from  either  the 
nucleins  or  lecithins. 

This  bran  body  is  an  organic  acid  radical  coupled  with  calcium, 
magnesium  and  potassium  and  is  probably  identical  with  the  com- 
pound Posternak*'  isolated  from  other  plant  tissues  and  to  which 
he  gave  the  name  of  phytin.**  Phytin  is  widely  distributed  in 
nature  and  has  been  found  in  the  seeds  of  red  fir,  pumpkin,  peas, 
beans,  white  and  yellow  lupines,  potatoes  and  wheat. 

It  can  be  completely  or  nearly  removed  from  wheat  bran  by 
mere  washing  with  water,  but  more  easily  by  allowing  the  bran 
to  undergo  a  slight  acid  fermentation  followed  by  leaching  with 
water.  It  is  this  fact  that  allowed  us  to  prepare  a  ration  very 
low  in  its  phosphorus  content, 

"N.  Y.  Agr.  Expt.  Stat.  Bui.  238,   1903,  and  Aiiur.  Chem.  Jour.,  30;  47a 

1903- 
"Ztschr.  Physiol.  Chem.,  41: 477-    ifKM- 
"N.  Y.  Agr.  Expt.  StaL  Bui.  250,   1904,  and  Aiiirr.  Chem.  Jour.,  31:564^ 

1904. 
"Rn:  Gen.  Bot.,  134:5.    190a 
'^Schwi'is.  SVoclicnsckr,  Fhar.,  43;  1904. 
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GENERAL  PLAN  OF  THE  INVESTIGATION. 
Our  studies  for  the  past  two  years  have  been  conducted  with 
milch  cows  and  in  connection  with  observations  that  are  to  fol- 
low have  been  arranged  in  accordance  with  the  following  general 
plan. 

1.  Feeding  to  the  same  animal  during  short  or  long  periods  of 
time  rations  differing  greatly  in  the  amount  of  phosphorus  which 
they  supply,  this  variation  in  phosphorus  content  to  be  brought 
about,  as  far  as  possible,  by  selection  of  the  components  of  the 
ration,  but  the  differences  in  quantity  of  ingested  phosphorus 
to  be  intensified  both  by  special  treatment  of  the  ration  and  by 
adding  to  it  particular  phosphorus-bearing  bodies,  the  effect  of 
which  it  is  desired  to  study. 

2.  Modification  of  the  phosphorus  content  of  the  ration  by  varia- 
tions as  far  as  possible  in  the  amount  present  of  a  particular  phos- 
phorus-bearing body, 

J.  The  changes  from  a  high,  to  a  low,  phosphorus  ration  to  be 
both  abrupt  and  gradual. 

4,  The  maintenance  of  the  rations  on  the  same  nutritive  plane, 
excepting  in  the  variations  of  the  phosphorus  content. 

5,  The  feeding  of  weighed  and  carefully  sampled  rations  and 
the  collection  and  weighing  of  the  excreta  and  product,  to  be 
accompanied  by  such  chemical  determinations  as  are  essential  to 
the  solution  of  the  problem  in  hand. 

It  was  expected  that  this  plan  of  work  would  furnish  data  on 
the  following  points. 

1.  The  amounts  and  kinds  of  phosphorus-bearing  bodies  in  cer- 
tain cattle  foods.     (Already  published.) 

2.  The  transformations  and  distribution  of  phosphorus -bearing 
bodies  brought  about  by  the  metabolic  changes  in  the  animal. 

3.  The  influence  of  the  supply  of  phosphorus  compounds  both 
in  kind  and  in  quantity,  upon  the  physiological  status  of  the  animal 
and  upon  the  composition  and  yield  of  product,  whether  milk  or 
otherwise. 
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EXPERIMENT  I. 
This  was  a  comparison  of  the  effect  of  rations  differing  greatly 
in  their  phosphorus  content,  especially  in  phytin  phosphorus. 

THE  EXPERIMENTAL  ANIMAU 
The  animal  (Cow  i)  selected  for  use  in  our  first  experiment 
was  a  vigorous  grade  Holstein.  When  the  experiment  began  she 
was  in  fair  flesh  and  about  three  months  advanced  in  the  period 
of  lactaticKi.  She  possessed  a  vigorous  appetite,  a  characteristic 
which  we  regarded  as  essential  to  the  entire  consumption  of  the 
ration  containing  the  washed  bran  because  of  its  probable  lack  of 
palatableness.  It  is  a  matter  for  congratulation  that  the  regular 
consumption  of  the  rations  was  accomplished  with  a  very  satis- 
factory degree  of  success. 

THE   MANAGEMENT  OF  THE  EXPERIMENT. 

The  animal  under  observation  stood  by  herself  in  a  warmed 
room  especially  arranged  for  experimental  work.  She  was  fed 
from  a  metal-lined  box  which  allowed  the  attendant  to  recover 
all  uneaten  food.  The  daily  ration  was  ^ven  in  three  equal  por- 
tions, morning,  noon  and  night.  Water  was  offered  at  stated  times 
and  the  animal  was  weighed  at  the  same  hour  each  day.  Two 
men  were  employed  for  the  collection  of  the  excreta,  one  during 
the  night  and  the  other  during  the  day.  The  excreta  were  caught 
in  tin  vessels,  the  one  used  for  the  urine  being  so  constructed  as 
to  prevent  loss  by  spattering.  There  was  a  loss  of  urine  in  but  a 
single  instance  and  that  was  small.  The  weights  of  urine  and 
feces  recorded  represent  that  which  was  voided  diu-ing  twenty- 
four  hours,  from  6  o'clock  a.  m.  The  animal  was  milked  four 
times  a  day  at  as  nearly  uniform  time  as  practicable,  viz.,  7  a.  m., 
noon,  5  p.  m.,  and  midnight. 

THE  RATIONS. 

The  first  matter  requiring  attention  in  the  experiment  was  the 
selection  or  preparation  of  foods  containing  small  amounts  of  phos- 
phorus. It  was  found  that  rice,  wheat  gluten  and  oat  straw  were 
as  low  in  phosphorus  as  any  feeds  that  could  be  selected  and  these, 
combined  with  the  washed  wheat  bran,  constituted  the  ration  low 
in  phosphorus. 

The  extraction  of  phytin  from  the  wheat  bran  was  easily  accom- 
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plished.  The  bran  was  allowed  to  soak  over  night  in  warm  water, 
a  slight  acid  fermentation  being  induced.  When  the  water  showed 
a  slight  acidity  to  Litmus,  the  bran  was  placed  in  sacks  and  thor- 
oughly leached  with  more  water.  After  being  air-dried  it  was  ready 
for  use. 

The  high  phosphorus  ration  was  made  up  from  oat  straw,  hominy, 
whole  wheat  bran  and  wheat  gluten.  Through  the  use  of  the  wheat 
gluten  which  contained  from  70  to  75  per  cent,  of  protein,  it  was 
easy  to  regulate  the  protein  supply  so  as  to  make  it  fairly  uniform 
in  the  two  rations. 

UETHOD  OF  SAMPLING  AND  ANALYSIS. 

The  rations  were  weighed  out  at  several  different  times  during 
the  coiu-se  of  the  experiment  and  each  time  this  was  done  sam- 
ples were  taken  of  the  various  feeds.  The  similarity  in  composi- 
tion of  these  several  portions  indicates  that  the  mixing  and  sam- 
pling were  thoroughly  accomplished.  The  milk,  urine  and  feces 
were  taken  directly  to  the  laboratory  and  immediately  weighed  and 
sampled,  excepting  that  the  noon  and  night's  milk  was  kept  in  an 
icebox  until  morning  when  the  product  for  an  entire  day  was 
thorou^ly  mixed  together  and  sampled.  Reserve  samples  of  milk 
and  urine  were  always  kept,  fermentative  changes  in  these  beii^ 
prevented  by  the  use  of  formaldehyde  and  toluol.  The  fecfes  were 
thorougjily  mixed  by  prolonged  stirring  and  five  pound  samples 
of  the  fresh  material  were  taken  for  drying  and  for  nitrogen  de- 
terminations. These  samples  were  dried  over  steam  coils  at  a 
temperature  not  exceeding  60"  C. 

In  general  the  analytical  methods  of  the  A,  O.  A.  C.  were  fol- 
lowed. During  some  of  the  time  the  fat  in  the  milk  was  estimated 
both  by  the  Babcock  and  ether  extraction  methods,  Neumann's 
method  was  used  in  all  the  total  phosphorus  determinations.  For 
the  separation  of  inorganic  from  organic  phosphorus  the  method 
described  in  Bulletin  No.  238  of  this  Station  was  employed.  This 
method  also  gave  an  opportunity  to  estimate  what  we  have  called 
"  fixed "  phosphorus  and  which  probably  quite  closely  represents 
the  phosphorus  of  the  true  nucleo-proteids  and  nucleins.  In  the 
urine  only  total  phosphorus  wa«  determined,  as  attempts  to  separ- 
ate inorganic  from  organic  forms,  even  if  the  latter  existed  in  appre- 
ciable quantities,  were  futile.  r ;  irji,,  v^jtjt.>o[c 
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the  character  and  sequence  of  the  ratlons  in  the  phytin 
experiment. 

This  experiment,  which  was  begun  in  February,  1904,  was  based 
chiefly  on  variations  in  the  phytin  content  of  the  rations  and  was 
finally  executed  in  general  accordance  with  the  following  scheme: 

Ration  1. — A  low  phosphorus  ration  was  fed  from  noon  March 
8  to  the  morning  of  March  17.  The  animal  had  been  slowly 
brought  to  this  ration  by  preliminary  feeding  for  9  days  jM-evious 
to  March  8, 

Transition  period. — A  gradual  change  from  a  low  phosphorus 
ration  to  one  high  in  phosphorus,  occupying  from  noon  March  17 
to  the  morning  of  April  5.  During  this  period  the  washed  bran 
was  decreased  one-half  pound  daily,  the  same  amount  of  the  whole 
bran  being  substituted.  The  rice  was  decreased  by  about  one- 
third  of  a  pound  per  day  and  the  hominy  feed  increased  one-fourth 
of  a  pound.  The  wheat  gluten  was  decreased  12  g:rams  or  about 
one-fortieth  of  a  pound  daily. 

Ration  2. — The  high  phosphorus  ration  was  fed  from  noon  April 
5  to  the  morning  of  April  19.  This  ration  differed  from  Ration  i 
in  that  its  content  of  phytin  phosphorus  was  approximately  twenty 
times  as  large. 

Ration  1. — Sudden  change  from  a  high  phosphorus  ration  to 
one  low  in  phosphorus,  the  latter  being  fed  from  noon  April  19 
to  the  morning  of  May  2.  This  ration  was  eaten  satisfactorily 
until  the  morning  of  April  24  when  it  was  refused.  The  animal 
became  seriotisly  constipated  and  as  impaction  was  feared,  one- 
half  pound  of  Epsom  salts  was  administered  with  negative  results. 
On  April  25,  one  and  one-fourth  pounds  of  Epsom  salts  was 
given  and  the  ration  withheld  at  noon.  This  produced  the 
desired  result  and  the  animal  began  to  eat  again  on  the  26th,  only 
part  of  the  ration  being  given.  The  amount  fed  was  increased 
until  on  the  28th  of  April  the  cow  was  receiving  her  full  ration 
(Ration  i)  and  appeared  perfectly  normal. 

Ration  2. — Sudden  change  from  the  low  phosphorus  ration  to 
the  one  high  in  phosphorus.  Ration  2  fed  from  noon  May  2  to 
the  morning  of  May  15, 

Transition  period. — From  noon  May  15  to  noon  May  20,  Dur- 
ing this  period  the  unwashed  bran  was  decreased  2  pounds  daily 
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and  th«  washed  bran  substituted  by  the  same  amount.  The  hominy 
feed  was  decreased  i  pound  daily  and  the  rice  increased  lyi  pounds 
daily.  The  wheat  gluten  was  increased  about  i-g  pound  daily. 
Marked  dryness  of  the  feces  accompanied  this  transition  but  the 
animal  continued  to  consume  all  the  ration. 

Ration  i. — The  low  phosphorus  ration  was  fed  from  noon  May 
20  to  the  morning  of  June  17. 

Ration  2. — Sudden  change  from  a  low  phosphorus,  to  a  high 
phosphorus,  ration,  the  latter  being  fed  from  noon  June  17  to  the 
morning  of  June  24. 

This  experiment  covered  108  days.  The  collection  and  analysis 
of  the  urine  and  feces  covered  71  days,  this  being  done  continu- 
ously during  54  days.  A  complete  analysis  of  the  milk  was  made 
daily. 

NUMERICAL  RESULTS  OF  THE  EXPERIMENT. 
Extensive  data  were  necessarily  recorded  in  an  experiment  in- 
volving such  numerous  weighings  and  analyses  during  a  period  of 
over  three  months.    The  figures  herewith  presented  are  confined  to 
those  which  are  essential  to  a  critical  analysis  of  our  conclusions. 

The  tables  are  made  up  either  of  daily  records  or  of  averages 
for  certain  periods  and  cover  those  times  when  it  was  believed 
that  the  ^imal  had  adjusted  herself  to  the  ration  being  fed.  In 
some  cases  the  effects  of  the  transition  periods  are  shown.  The 
tables  that  follow  are  arranged  under  the  following  heads: 
Table    I.— The  rations  fed. 

Table    2. — The  composition  of  the  feeding  stuffs  used. 
Table    3. — Quantities  and  percentages  of  digestible  nitrogen  and 

dry  matter  fed. 
Table    4. — Percentage  composition  of  the  milk  with  both  high 
and  low  phosphorus  ingestion,  including  a  transi- 
tion period. 
Table    5. — Percentages  of  various  forms  of  phosphorus  in  milk. 
Table    6. — Total  phosphorus  balances. 

Table    7. — Distribution   and   balances   of   nucleo-proteid    phos- 
phorus. 
T<Ale    8. — Distribution   and   balances  of   soluble  organic  phos- 
phorus compounds. 

5  r:-,'.du  *^j*.n'y[c 


66    Report  of  Department  of  Aximal  Husbandry  of  the 

Table    9, — Distribution  and   balances   of   inorganic   piiosphorus 

compounds. 
Table  10. — Relation  between  nitrogen  and  phosphorus  excretion. 
Table  11. — Effects  of  the  ingestion  of  phosphorus   compounds 

upon  the  composition  of  the  milk,  shown  by  periods. 
Table  12, — Effects  of  the  ingestion  of  phosphorus   compounds 

upon  the  yield  of  milk  and  milk  solids  and  upon  the 
excretion  of  urine. 
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Tablb  X. — Relation  Between  Nctbogek  and  Phosphorus  Outgo. 
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DISCUSSIOX    OF    RESULTS    OF    EXPERIMENT     I. 

The  following  is  a  somewhat  concise  statement  of  the  main 
results  of  the  foregoing  experiment,  a  fuller  discussion  being  re- 
served until  after  a  consideration  of  the  outcome  of  further  experi- 
ments. 

I.  The  comparative  nutritive  lu'iif  of  the  rations. — It  is  shown 
by  the  figures  of  Table  3  that   outside  of  the  change?  brought 
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about  by  washing  the  bran  there  was  nothing  in  the  kind,  quanti- 
ties, or  variations  in  the  nutrients  fed  that  could  account  for  the 
different  effect  of  the  two  rations.  The  digestible  dry  matter  con- 
sumed varied  from  13.3  pounds  to  16. i  pounds  daily,  of  which 
from  2.6  pounds  to  2.9  pounds  consisted  of  digestible  protein.  In 
no  period  was  the  ration  so  scanty  as  to  produce  abnormal  results 
and  the  change  in  the  quantity  of  digestible  dry  matter  and  protein 
eaten  did  not  especially  favor  either  ration. 

2.  The  amounts  and  forms  of  ingested  pkosphorifs  in  the  two 
rations. — The  amounts  of  phosphorus  ingested  in  the  several 
periods  varied  greatly,  ranging  from  12.8  grams  to  21.4  grams 
daily  in  the  low  phosphorus  period,  the  daily  quantities  in  the 
three  high  phosphorus  periods  being  78.7  grams,  83.3  grams  and 
80.7  grams.  These  differences  were  brought  about  chiefly  by 
removing  the  phytin  from  the  bran,  62  per  ct.  to  65  per  ct.  of  the 
phosphorus  supply  in  ration  No.  2,  or  from  51  to  52  grams  daily, 
being  carried  in  this  compound.  The  daily  amount  of  fixed  phos- 
phorus in  ration  2  varied  from  24.4  to  28.6  grams  or  from  31 
per  cent,  to  34  per  cent,  of  the  whole.  The  quantity  of  proteid 
phosphorus  in  this  ration  was  two  or  three  time  greater  than  that 
of  ration  i,  because  of  the  fact  that  the  unwashed  bran  and  hominy 
feed  contained  much  more  phosphorus  in  insoluble  forms  than  did 
the  washed  bran  and  rice.  The  amount  of  inorganic  phosphorus 
fed,  which  was  found  entirely  in  the  straw,  was  very  small  and  was 
uniform  in  quantity.  It  is  clear,  therefore,  that  in  studying  the 
comparative  effect  of  these  two  rations  as  far  as  phosphorus  com- 
pounds are  concerned,  our  attention  should  be  fixed  mainly  upon 
phytin  and  what  we  have  designated  as  the  fixed  phosphorus  com- 
pounds or  what  doubtless  approximate  very  closely  to  the  nucleo- 
proteids  and  nucleins.     (See  Tables  6  and  7.) 

3,  The  relation  in  amounts  and  forms  of  the  ingested  and  the  ex- 
creted phosphorus. — The  amount  of  outgoing  phosphorus  followed 
in  a  general  way  the  quantity  ingested,  but  within  narrower  limits. 
I:  is  interesting  to  note  that  the  animal  excreted  considerably  more 
pnosphorus  than  she  received  during  the  time  that  the  washed  bran 
ration  was  being  fed.  The  fact  is  worth)-  of  record  that  she  was 
maintained  in  an  apparently  healthy  condition  on  a  ration  which 
supplied  21.2  grams  of  phosphorus  daily  from  May  20  to  May  26, 
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and  only  15.6  grams  daily  from  May  26  to  June  16,  and  at  the  end 
of  the  27  days  she  was  found  to  be  losing  an  average  of  26  grams 
per  day. 

On  the  other  hand,  when  the  supply  of  phosphorus  was  liberal 
(Ration  2)  there  was  a  storage  of  that  element  in  the  body  of  the 
cow,  amounting  in  one  period  to  an  average  of  8  grams  daily,  while 
in  another  the  average  was  13  grams. 

The  proportionate  distribution  of  the  outgoing  phosphorus  among 
its  various  compounds  was  quite  unlike  what  was  found  in  the  food. 
Through  cafabolic  changes  all,  or  nearly  all,  the  phosphorus  of  the 
phytin  and  of  the  unused  digested  proleids  was  reduced  to  inorganic 
forms  which  were  excreted.  The  variations  in  the  quantities  of  the 
outgoing  phosphorus  in  the  several  periods  were  found,  therefore, 
to  consist  almost  wholly  of  changes  in  the  proportions  of  inorganic 
salts  of  this  element  in  the  egesta.  The  data  furnish  no  evidence 
that  any  synthesis  of  the  phosphorus-bearing  proteids  occurred.  The 
quantities  of  these  latter  bodies  in  the  milk  and  egesta  appear  in  no 
case  to  be  materially  greater  than  the  food  supply.   (See  Tables  6-9.) 

4.  Distribution  of  outgoing  phosphorus  compounds  in  the  milk 
and  egesta. — Variations  in  the  amount  of  outgoing  phosphorus,  cor- 
responding to  the  rise  and  fall  of  phosphorus  compounds  in  the 
rations,  took  place  chiefly  in  the  feces,  though  to  a  small  extent  in 
the  urine.  Moreover,  as  previously  indicated,  this  increase  or  de- 
crease in  the  phosphorus  bodies  of  the  egesta  was  found  to  occur 
almost  wholly  with  the  inorganic  salts.  The  percentage  of  these 
salts  in  the  milk  suffered  no  appreciable  change.  The  proportions  of 
organic  phosphorus  bodies  remained  fairly  constant  in  the  milk  and 
egesta  in  spite  of  marked  changes  in  the  quantities  of  the  ingested 
phosphorus  compounds.  It  is  especially  noteworthy  that  the  secre- 
tion of  casein,  the  characteristic  nucleo-proteid  of  milk,  seemed  to  be 
in  no  way  affected  by  the  food  supply  of  similar  bodies  or  by  varia- 
tions in  the  phosphorus  supply  in  other  forms  of  combination,  even 
when  there  was  a  phosphorus  deficiency  during  a  long  period.  (See 
Tables  6-9.) 

5.  Physiological  effects  due  to  variations  in  the  phosphorus  bodies 
of  the  two  rations. — No  evidence  appears  that  the  increase  or  de- 
crease of  the  phosphorus  compounds  in  the  ration  influenced  either 
the  digestibility  of  the  total  dry  matter  or  of  the  nitrogen  com- 
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pounds,  neither  was  the  storage  or  excretion  of  nitrogen  apparently 
afEected.  No  relation  was  found  to  exist  between  the  nitrogen  and 
phosphorus  balances.  Certain  well  defined  and  marked  effects  were 
observed,  however.    (See  Tables  3  and  10.) 

In  our  attempts  at  transition  from  one  ration  to  the  other  we  soon 
learned  that  it  was  not  possible  to  change  the  cow  suddenly  from  a 
ration  rich  in  phytin  to  one  low  in  this  compound  and  keep  the 
animal  in  normal  health.  Such  3  change  caused  her  to  become 
seriously  constipated  and  recourse  to  a  purgative  was  necessary. 
When  the  change  from  the  unwashed  bran  to  the  washed  bran 
ration  was  made  slowly  the  animal  gave  no  evidence  of  serious  dis- 
turbance of  health  and  appetite  but  the  feces  always  became  much 
darker  in  color  and  much  dryer. 

The  removal  of  the  phytin  from  the  bran  had  the  effect  of 
materially  diminishing  the  volume  of  urine.  Marked  changes  in 
the  amount  and  character  of  the  milk  secreted  were  also  observed. 
The  transition  from  the  high-phytin,  to  the  low-phytin,  ration 
caused  an  increase  in  the  volume  of  milk  accompanied  by  very  large 
decrease  in  its  percentage  of  fat.  As  shown  in  Table  4,  the  maxi- 
mum decrease  in  fat  amounted  to  1,4  per  ct.  and  kept  pace  with 
the  withdrawal  of  phytin  from  the  ration.  The  total  solids  de- 
creased about  ,8  per  ct.  Table  4  also  sliows  that  the  maximum 
decrease  in  the  percentage  of  fat  was  not  permanently  maintained 
but  that  even  during  the  feeding  of  the  low  phosphorus  ration  there 
was  a  slow  restoration  of  the  proportion  of-  fat,  although  the  per- 
centage did  not  rise  to  as  high  a  point  as  was  found  during  the 
feedii^  of  the  high  phytin  ration,     (See  Tables  4,  11  and  12.) 

6.  InAuence  of  the  two  rations  upon  production. — Although  the 
increase  in  milk  flow  tended  to  counteract  the  decreased  percentage 
of  fat,  nevertheless  the  total  fat  production  in  a  given  length  of  time 
was-ctmsiderably  lessened  by-tbe  substitutioh  of  washed  bran  for  the 
unwashed.  Similar  results  did  not  obtain  with  the  total  solids  and 
casein.     (See  Table  12.) 

7.  Oestrum  period. — It  is  a  very  suggestive  fact  that  the  oestrum 
appeared  with  this  animal  for  the  last  time  on  June  12,  a  dis- 
turbance which  followed  a  long  continued  feeding  of  the  washed 
bran  ration.  Whether  the  cessation  of  this  period  was  in  any  way 
connected  with  the  removal  of  the  phosphorus  and  its  associated 
elements  from  the  bran  can  be  at  present  only  a  matter  c^f  (hj^Oj^^  |,> 

"    '  o 
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EXPERIMENT  II. 

This  was  a  comparison  of  rations  carrying  varying  quantities  of 
nucleo-phosphorus,  with  minor  differences  in  their  phytin  content. 

In  the  winter  of  1904-1905,  another  experiment  was  carried  on 
in  continuation  of  the  work  described  on  the  foregoing  pages.  As 
stated,  our  original  plan  involved  mainly  a  study  of  the  influence  on 
milk  secretion  of  rations  rich  and  poor  in  nucleo-phosphorus.  This 
second  experiment  was  planned,  therefore,  with  especial  reference 
to  this  phase  of  our  general  investigation.  Its  general  procedure 
was  very  similar  to  that  followed  in  the  first  experiment,  viz.,  the 
feeding  of  two  rations  in  different  periods  which  differed  in  an 
emphatic  way  in  their  content  of  a  particular  class  of  phosphorus- 
bearing  bodies.  In  this  instance  the  variation  was  made  with  those 
phosphorus  compounds  insoluble  in  dilute  hydrochloric  acid,  con- 
sisting mainly  of  the  nucleo-proteids  and  nuclein. 

THE   EXPERIMENTAL  ANIMAL. 

This  animal  (Cow  2)  was  a  vigorous  grade  Holstein  weighing 
966  pounds,  that  was  in  good  condition  when  placed  in  the  experi- 
ment and  was  from  one  to  two  months  advanced  in  the  period  of 
lactation.  She  manifested  a  vigorous  appetite  throughout  the  entire 
experiment  and  consumed  daily  all  the  food  offered.  Her  health 
remained  apparently  unimpaired  by  the  food  and  treatment  which 
she  received. 

MANAGEMENT  OF  THE  EXPERIMENT. 

The  details  as  to  the  place  where  the  experiment  was  conducted, 
the  collection  of  milk  and  excreta,  the  sampling  and  analyses  of  the 
foods  and  excreta  and  the  feeding  of  the  rations,  were  in  all  re- 
spects quite  like  those  of  the  first  experiment.  The  fat  in  the  milk 
was  estimated  by  both  the  Babcock  and  the  ether -ex  traction 
methods.  The  results  by  these  two  methods  agreed  so  closely  that 
the  figures  obtained  by  the  Babcock  method  are  the  ones  used 

THE  RATIONS. 

Variations  in  the  supply  of  nucleo-phosphorus  in  the  rations  were 
accomplished  in  the  following  manner :  A  basal  ration  was  com- 
pounded consisting  of  rice,  washed  bran  and  oat  straw.  To  this 
was  added  germ  oil  meal  in  order  to  increase  the  supply  of  nucleo- 
phosphorus.  This  meal  was  found  to  be  especially  rich  in  forms  of 
phosphorus  insoluble  in  dilute  hydrochloric  acid.  An  estimation  of 
the  purin  bases,  after  cleavage  with  dilute  hydrochloric  acid,  showed, 

"    '     '       o 


New  York  Agricultural  Experiment  Station.         75 

this  material  to  be  rich  in  nucleins,  assuming,  of  course,  that  these 
bases  can  only  ori^nate  from  nucleo  structiu'cs.  The  ration  poor  in 
nucleo-phospbonis  was  compounded  by  withdrawing  the  germ  oil 
meal  and  substituting  for  it  wheat  gluten  and  rice  meal.  It  was  ex- 
pected that  the  amounts  of  digestible  dry  matter  and  protein  would 
be  quite  similar  in  the  two  rations. 

CHARACTER   AND   SEQUENCE   OF   THE  RATIONS. 

During  a  i^eliminary  period  ration  i  was  fed  for  several  days  in 
order  to  adjust  the  animal  to  its  influences  before  observations 
were  taken. 

Ration  I. — Maximum  amount  of  nucleo-phosphorus.  Observa- 
tions with  this  ration  were  begun  at  noon  December  20,  this  period 
continuing  to  the  morning  of  January  3. 

Transition  period. — From  noon  January  3  to  the  morning  of 
January  6.  During  this  period  the  germ  oil  meal  was  reduced  ij4 
pounds  daily  and  the  rice  was  increased  i  pound  daily.  One-half 
pound  of  wheat  gluten  was  added  each  day. 

Ration  2. — Minimum  amount  of  nucleo-phosphorus.  This  ration 
was  fed  from  noon  January  6  to  the  morning  of  January  19. 

Ration  i. — A  sudden  change  was  made  from  ration  2  to  raticm  I 
and  the  latter  was  fed  from  noon  January  19  to  the  mornii^  of 
February  2. 

Ration  2. — A  sudden  change  was  made  from  ration  i  to  ration  a 
and  the  latter  was  fed  from  noon  February  2  to  the  morning  of 
Fete-uary  16. 

The  period  of  observation  in  this  experiment  covered  58  Aajs, 
during  which  time  there  was  a  continuous  collection  and  analysis  of 
the  milk  and  excreta. 

THE  NUMERICAL  RESULTS  OF  THE  EXPERIMENT. 

As  in  the  disaission  of  the  first  experiment  the  tables  are  made 
up  either  of  daily  records  or  of  averages  for  periods  in  which  it 
was  believed  the  animal  had  become  adjusted  to  the  ration  that  was 
being  fed.  A  great  mass  of  data  was  accumulated  which  is  pre- 
sented in  a  summarized  form.  The  tables  that  follow  are  displayed 
under  several  heads. 

Tabic  13. — The  rations  fc'. 

Table  14. — The  composition  of  the  feeding  stuffs  used. 

Table  15. — Quantities  an:l  percentages  of  digestible  nitr<^en  and 
dry  matter  fed.  r      ...  i.,Vit.n»s;lc 
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■Percentage  daily  composidon  of  the  milk  with  both 
high  and  low  phosphorus  ingestion,  including  two 
transition  periods. 

Percentages  of  various  forms  of  phosphorus  in  milk. 

■Total  phosphorus  balances, 

■Distribution  and  balances  of  nucleo-phospliorus. 

Distribution  and  balances  of  soluble  phosphorus  com- 
pounds. 
Table  21, — Distribution  and   balances   of   inorganic  phosphorus 
compounds.  • 

-Relation  between  nitrogen  and  phosphorus  excretion. 

■Effects  of  the  ingestion  of  phosphorus  compounds 
upon  the  composition  of  the  milk. 
Table  24. — Effects   of  the  ingestion  of  phosphorus   compounds 
upon  the  yield  of  milk  and  milk  solids  and  upon  the 
excretion  of  urine. 

Table  XIII. — The  Rations  Fed. 
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Tablb  XVin. — Total  Phosphorus  Balances. 
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Table  XXI. — Distribution  and   Balances  op  Inorganic  Phosphorus 
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discussion  OF  RESULTS, 

The  data  furnished  by  this  experiment  appear  to  justify  the  fol- 
lowing statements: 

I.  The  comparative  nutritive  value  of  the  rations. — The  quantity 
of  digestible  dry  matter  fed  daily  varied  in  the  several  periods  from 
15.7  pounds  to  16.9  pounds,  the  amounts  ingested  in  the  two  high 
phosphorus  periods  being  not  greatly  unlike  what  was  eaten  in  the 
two  low  phosphorus  periods.  The  quantities  of  digestible  protein 
consumed  in  the  several  periods  varied  from  1.8  pounds  daily  to  2.8 
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pounds.  The  low  phosphorus  ration  carried  in  all  cases  more 
digestible  [rotein  than  did  the  other  ration.  ,  The  supply  of  nutrients 
was  abundant  in  all  periods.    (See  Table  13.) 

2.  The  amounts  and  forms  of  ingested  phosphorus  in  the  two 
rations. — The  quantities  of  phosphorus  compounds  which  the  two 
rations  carried  were  not  so  greatly  unlike  as  was  the  case  in  the 
first  experiment.  In  both  periods  of  the  higher  phosphorus  feeding 
the  amount  of  ingested  phosphorus  was  37.3  grams,  while  in  the 
other  two  periods  the  quantity  was  18.2  grams  and  20.2  grams  re- 
spectively. The  proportions  of  the  various  classes  of  phosphorus 
compounds  in  the  two  rations  were  quite  unlike  what  was  found  in 
the  first  experiment.  Approximately  57  per  ct.  existed  in  forms 
tnsoluUe  in  dilute  hydrochloric  acid  or  what  we  believe  to  be 
chiefly  nucleins  and  nucleo-proteids.  Thirty  per  ct.  existed  as 
soluble  organic  phosphorus  in  ration  i  and  from  23  to  24  per  cent, 
in  ration  2.  The  inorganic  phosphorus  remained  practically  a  con- 
stant quantity  in  the  two  rations,  viz.  4.7  grams  daily.  This  experi- 
ment was  also  unlike  the  first  one  in  that  the  two  rations  differed 
chiefly  in  the  quantities  of  insoluble  phosphorus  compounds  which 
they  carried  rather  than  in  the  proportions  of  phytin.     (See  Tables 

3.  The  relation  in  amounts  and  forms  of  the  ingested  and  the 
outgoing  phosphorus. — In  no  period  was  the  quantity  of  ingested 
phosphorus  equal  to  the  outgoing  amount.  With  ration  i'  this  de- 
ficiency was  from  2.5  to  4.7  grams  daily,  while  with  ration  2  it  was 
12  grams  in  one  period  and  9  grams  in  the  other.  These  data  fur- 
nish another  illustration  of  the  fact  that  a  cow  is  able  to  make  good 
a  phosphorus  deficiency  in  the  ration  from  the  store  contained  in 
her  body.  We  regard  it  as  unfortunate  that  in  this  experiment  we 
were  not  able  to  feed  an  excess  of  phosphorus  compounds  in  the 
high  phosphorus  ration. 

In  regard  to  the  proportionate  distribution  of  phosphorus  com- 
pounds in  the  ingesta  as  compared  with  the  egesta,  the  facts  are 
essentially  similar  to  what  was  found  in  the  first  experiment.  The 
quantity  of  excreted  phosphorus  increased  and  decreased  with  the 
amount  fed,  and  as  in  the  first  experiment  the  variations  in  the  out- 
going amount  were  found  to  occur  chiefly  with  the  proportions  of 
inorganic  forms  in  the  egesta.     (See  Tables  18-21.) 
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4,  Distribution  of  outgoing  phosphorus  compounds  in  the  milk 
and  egesta. — The  variations  of  the  outgoing  phosphorus  are  again 
found  to  occur  almost  wholly  in  the  feces  tlirough  a  rise  or  fall  of 
inorganic  forms.  This  second  experiment  furnishes  no  evidence  of 
changes  in  the  distribution  of  other  forms  of  phosphorus  in  the 
milk  and  egesta,  due  to  variations  in  the  quantities  of  phosphorus 
compounds  in  the  ration.    (See  Tables  19-21.) 

5.  Physiological  effects  due  to  variations  in  the  phosphorus 
bodies  of  the  two  rations. — ^There  is  a  marked  difference  between 
this  experiment  and  the  first  one  in  the  extent,  at  least,  of  the 
physiological  disturbances  observed.  The  resuhs  are  alike  in  that 
the  amount  of  phosphorus  excretion  had  no  effect  upon  the  storage 
or  excretion  of  nitrc^en.  The  results  are  unlike  in  the  influence 
of  changing  rations  upon  the  health  of  the  animal  and  the  con- 
dition of  the  feces.  Nothing  like  constipation  was  observed,  nor 
was  there  any  marked  change  in  the  condition  or  color  of  the  fecal 
discharge. 

There  was  a  perceptible,  though  not  marked,  variation  in  the 
volume  of  urine  in  the  several  periods,  the  change  being  in  the 
reverse  direction  from  that  observed  in  the  first  experiment.  In 
other  words,  the  volume  of  urine  was  larger  witli  the  smaller 
phosphorus  supply.  The  fact  that  the  low  phosphorus  ration  in 
this  experiment  carried  the  larger  amount  of  digestible  protein 
may  in  part  account  for  this  increase  in  the  volume  of  urine. 

An  examination  of  the  figures  shows  that  the  volume  of  milk 
was  somewhat  larger  during  the  low  phosphorus  period  and  that 
there  was  a  small  but  perceptible  lowering  for  a  time,  at  least, 
of  the  percent^e  of  fat  in  the  milk.  These  changes  are  small, 
however,  and  not  nearly  as  emphatic  as  was  the  case  in  the  first 
experiment.    (See  Tables  22-24.) 

6.  Effect  of  the  two  rations  upon  production. — While  the  pro- 
duction of  total  milk  solids,  as  well  as  of  casein  and  fat,  varied 
sotnewhat  in  the  different  periods,  the  data  do  not  consistently  show 
that  these  changes  were  due  to  the  influence  of  the  food.  (See 
Table  24.) 
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EXPERIMENT  III. 

This  was  a  repetition  of  the  experiment  involving  variations  in 
the  phytin  content  of  the  rations. 

In  the  experiment  of  1904  (Experiment  i),  in  which  the  rations 
were  made  to  difEer  chiefly  by  the  substitution  of  washed  for 
unwashed  wheat  bran,  thus  causing  very  large  variations  in  the 
phytin  content  of  the  food,  certain  very  remarkable  results  were 
obtained,  which  should  not  be  accepted  as  final  without  substantia- 
tion through  further  observations.  Consequently  it  was  decided 
to  repeat  the  phytin  experiment,  and  as  the  animal  used  in  Experi- 
ment 2  had  become  accustomed  to  experimental  conditions  and  to 
the  washed  bran  ration,  it  was  decided  to  continue  work  with  her. 

THE  EXPERIMENTAL  ANIMAL. 

The  animal  has  been  described  in  the  details  given  for  the  nucleo- 
proteid  experiment.     (Experiment  2.) 

MANAGEMENT  OF  THE  EXPERIMENT. 

The  management  of  this  experiment  was  similar  in  all  its  detiils 
to  that  of  the  two  former  experiments,  otlier  than  some  differences 
which  may  have  occurred  in  the  sequence  of  the  feeding  periods- 

THE  RATIONS. 
The  components  of  the  ration,  outside  of  the  bran,  were  oat 
straw,  rice  and  wheat  gluten.  To  these  basal  feeds  washed  bran 
was  added  in  certain  periods  and  unwashed  bran  in  others.  In 
the  first  experiment  when  the  change  was  made  from  the  washed 
bran  to  the  unwashed  bran  ration,  hominy  feed  was  substituted 
for  the  rice  meal.  In  this  experiment  this  substitution  did  not 
take  place  but  the  rice  meal  was  continued  in  both  rations.  By 
this  arrangement  the  variations  in  the  nucleo-proteid  -content  of 
the  rations  were  not  emphasized  by  the  substitution  of  hominy 
meal  for  the  rice.  As  in  the  other  experiments  the  protein  supply 
was  regulated  by  varying  the  quantity  of  wheat  gluten. 

CHARACTER  AND  SEQUENCE  OF  THE  RATIONS. 

Reference  to  the  nucleo-proteid  experiment  shows  that  the  cow 

durii^  the  last  period  of  that  experiment  was  fed  the  washed 
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Iwan  ration.  It  was  necessary,  therefore,  that  in  the  first  period 
of  this  second  phytin  experiment  there  should  be  fed  a  ration  con- 
taining unwashed  bran. 

Ration  I. — At  noon  on  February  i6  the  cow  was  suddenly 
changed  to  the  ration  containing  the  unwashed  bran.  She  con- 
sumed the  entire  ration  on  the  i6th  and  two  portions  of  it  on 
the  17th  and  refused  the  third  portion.  It  was  thought  that  possibly 
the  quality  of  the  bran  was  the  cause  of  this  refusal  to  eat,  and, 
consequently,  a  bran  of  superior  quality  procured  from  a  nearby 
mill,  was  tried  but  with  no  avail.  The  cow  continued  to  refuse  the 
ration  during  the  iSth  and  19th.  On  the  20th  she  was  offered  small 
portions  of  washed  bran  which  were  eaten  with  a  keen  appetite.  It 
was  clearly  indicated  that  the  sudden  introduction  into  the  ration  of 
certain  bran  constituents  was  responsible  for  the  change  in  the 
animal's  appetite.  Her  health  did  not  seem  to  be  impaired.  She 
was  not  feverish  and  while  her  feces  had  become  somewhat  softened 
in  consistency,  there  was  nothing  in  her  outward  appearance  that 
indicated  an  abnormal  condition  of  health.  During  this  time  of  im- 
paired nutrition  the  flow  of  milk  was  considerably  lessened,  as  was 
the  excretion  of  feces  and  urine. 

Ration  2. — Fed  from  noon  February  20  to  the  morning  of  Feb- 
ruary 25th,  The  change  back  to  the  washed  bran  ration  was  sudden, 
the  entire  daily  portion  being  wholly  consumed.  A  normal  milk 
flow  was  soon  re-established. 

Transition  period. — This  was  begun  at  noon  February  25  and 
was  completed  on  the  morning  of  March  9.  ."^n  attempt  was  made 
to  transfer  the  animal  from  ration  2  to  ration  i  by  the  daily  sub- 
stitution of  two  pounds  of  unwashed  bran  for  an  equivalent  weight 
of  washed  bran,  with  an  accompanying  daily  decrease  of  cMie-half 
pound  of  wheat  gluten.  This  method  appeared  to  be  successful  up 
to  the  point  where  the  cow  was  receiving  6  pounds  of  unwashed 
bran.  The  first  day  that  8  pounds  of  unwashed  bran  was  fed  the 
ration  was  not  wholly  consumed.  The  next  day  the  cow  again  re- 
fused to  eat  and  it  became  necessary  to  place  her  back  on  a  ration 
containing  4  pounds  of  unwashed  bran  and  6  pounds  of  the  washed. 
This  mixture  was  heartily  eaten  and  from  this  point  the  food  was 
slowly  changed  to  the  high  phytin  ration  by  the  daily  addition  of  i 
pound  of  unwashed  bran  and  some  days  only  one-half  pound,  with 
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a  corresponding  decrease  in  the  washed  bran.  In  this  way  the 
transition  was  successfully  accompHshed. 

Ration  i. — Fed  from  noon  March  g  to  the  morning  of  March  19. 

Transition  period. — From  noon  March  19  to  the  morning  of 
March  23. 

During  this  time  two  pounds  of  washed  bran  were  substituted 
daily  for  2  pounds  of  the  unwashed  and  when  the  ration  contained 
6  pounds  of  washed  bran,  one-half  pound  of  wheat  gluten  was 
added  daily  to  supply  the  deficiency  in  protein.  At  the  end  of  this 
period  the  feces  had  become  hard  and  dry. 

Ration  2. — From  noon  March  23  to  the  morning  of  April  10. 

Ration  1. — At  noon  April  10,  the  cow  was  suddenly  transferred 
to  ration  i  which  she  ate  heartily  for  two  days  and  then  refused 
further  portions.  She  was  then  placed  on  a  ration  containing  4 
pomids  of  unwashed  bran  and  6  pounds  of  washed  bran,  Which  she 
completely  consumed  on  April  12. 

Transition  period. — From  noon  April  12  to  the  morning  of 
April  18. 

Starting  with  the  ration  which  was  fully  consumed  on  April  12, 
a  change  was  made  gradually  to  ration  i  by  the  daily  substitution  of 
I  pound  of  unwashed  bran  for  an  equivalent  quantity  of  the  washed, 
the  wheat  gluten  being  decreased  by  one-half  pound. 

Ration  i. — From  noon  April  18  to  the  morning  of  May  2. 

Transition  period. — This  occupied  from  noon  May  2  to  the  morn- 
ing of  May  6. 

This  transition  was  accomplished  by  the  daily  substitution  of  two 
pounds  of  washed  bran  for  an  equal  weight  of  the  unwashed  with 
a  daily  increaase  during  the  entire  period  of  one-half  pound  of 
wheat  gluten. 

Ration  2. — From  noon  May  6  to  the  morning  of  June  4.  After 
June  4  the  animal  was  placed  with  the  Station  herd  and  slowly 
broo^t-to  the  ordinary  milk  ration. 

During  this  experiment  a  sudden  change  from  the  high  phytin 
ration  to  the  one  containing  washed  bran  was  found  to  be  inad- 
visable. Abundant  evidence  was  accumulated  concerning  the  drier 
condition  and  firmer  consistency  of  the  feces  when  the  washed  bran 
was  fed,  apparently  establishing  beyond  question  the  comparatively 
laxative  effect  of  the  whole  wheat  bran. 
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numerical  results  of  the  experiment. 
The  data  of  this  experiment  are  summarized  in  the  following 
tables,  the  arrangement  of  which  is  entirely  similar  to  that  fol- 
lowed in  discussing  the  other  experiments. 
Table  25, — The  rations  fed. 

Table  26, — The  composition  of  the  feeding  stuffs  used. 
Table  27. — Quantities  and  percentages  of  digestible  nitrogen  and 

dry  matter  fed. 
Table  28. — Percentage  daily  composition  of  the  milk  with  both 

high  and  low  phosphorus  ingestion,  including  two 

transition  periods. 
Table  29. — Percentages  of  various  forms  of  phosphorus  in  the 

milk. 
Table  30. — Total  phosphorus  balances. 
Table  31, — Distribution  and  balances  of  nucleo-phosphorus. 
Table  32, — Distribution  and  balances  of  soluble  phosphorus  com- 
pounds. 
Table  33. — Distribution   and   balances  of   inorganic  phosphorus 

compounds. 
Table  34. — Relation  between  nitrogen  and  phosphorus  excretion. 
Table  35. — Effects  of  the  ingestion  of  phosphorus  compounds 

upon  the  composition  of  the  milk. 
Table  36. — Effects   of  the   ingestion  of   phosphorus  compounds 

upon  the  yield  of  milk  and  milk  solids  and  upon 

the  excretion  of  urine. 

Table  XXV. —^The  Rations  Fed. 


... 

„,..„, 

K" 

iNaNBDIBNTS. 

K1!. 

10    lb.. 

•"■ 

281  lbs. 

,i.db,Googlc 


New  York  Agricultural  Experiment  Station. 
Table  XXVI. — Tbb  CoiipoamoN  o»  th»  Febdino  Stuppb  Usbd. 


Freds. 

W.t«. 

Protein. 

p.t. 

HOB^aORU-. 

ToUl. 

Soluble.    Inorganic. 

Pta. 

If 

PtTCt. 

Ptrct. 
l.M 

.220 

P»r«.         Pirct, 

r  DioBSTiBLZ  NiTROOBN 


Datb. 

Phot 
!      phorui 
'  t.d  d.Uy. 

DRT  -ATT«  :. 

AILT. 

KIT 

F.d.    1  In  f«««. 

DlB«ted. 

P«d. 

In  f««.lDlg(aUd. 

B:ssin',«,-,:: 

1     Grmi. 

IS 

Ill  \  11 

-s 

Grms. 

lis  ""Si 

,i.db,Googlc 


Report  of  Dbpartuekt  of  Aniual  Husbandry  of  the 


'J 

as 
"J 


i 

5 

i 

jSssiisssssassssssqs 

^ 

1 

<S:SS«!;S3S3SSil!SSSSS!l 

^««*-)««m«-)««B«-»fl.O«B 

i 

TiSS38SI81!SSSS822S2S2 

i"""""""--"-"""""" 

^^ 

oSSSS3!=8SSSSS5SaS18 

'^ 

H 

t-SS=S5S5SI!58§85aSS 

i'"»""""""""""""""" 

1 

M 

13 

i 

Is 

i 

a 

i 

1 

i!i8S3SSaSSSS5SSS5 

^B«aB«««flOB«««««                      I 

i 

Tisaaassasss282aa 

y 

ti 

iS3S3:3s::3s:3S3 

^»n«MNnnnR»«««n« 

L 

Ni 

:::ssa~;!asa8s;!ias 

1 

...di.  Google 


New  York  Agricultural  Experiment  Station. 

iliiil 


S 


fiiiii 


Di.izedbyGoOglC 


90    Report  of  Department  of  AxniAL  Hl"Sbandhy  of  the 
Tablb  XXX. — ^ToTAL  Phosphorus  Balances. 
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EXCRBTtON. 
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Tabls  XXXV. — Effects  of  thb  Ihgbstiok  op  Phosphorus  Compounds 

UPON  THB  COUPOSITION  OP  THB  MlLK. 
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DISCUSSION    OF   RESULTS. 

The  results  secured  in  this  experiment  are  in  the  main  con- 
firmatory of  those  obtained  in  Experiment  i. 

1.  The  cotnparatrve  nutritive  value  of  the  rations. — Both  rations 
supplied  an  abundance  of  digestible  nutrients.  The  dry  matter 
digested  daily  from  ration  i'  was  17.5  pounds  and  from  ration  2, 
16.5  pounds,  the  amounts  of  digestible  protein  being  2.8  pounds 
and  2.6  pounds  respectively.  The  diiTerence  between  these  two 
rations  is  not'sufficient  to  account  in  any  way  for  the  physiological 
and  other  effects  observeil.     (See  Table  27.) 

2.  The  amounts  and  forms  of  ingested  phosphorus  in  the  two 
rations. — Ration  i  carried  77  grams  of  phosphorus  and  ration  2, 
16  grams.  Of  the  phosphorus  in  ration  i,  65  per  ct.,  or  50.2 
grams,  consisted  of  soluble  organic  phosphorus  compounds,  which 
was  practically  ail  phytin.  In  ration  2  only  2.6  grams  of  phosphorus 
was  found  in  soluble  organic  combinations.  The  nucieo-proteid 
phosphorus  in  ration  i  amounted  to  23.2  grams  or  30  per  ct.  of 
the  whole,  and  in  ration  2  9.6  grams  or  60  per  ct.  of  the 
whole,  the  larger  amount  of  this  form  of  phosphorus  in  ration  I 
being  due  to  the  difference  in  the  composition  of  the  unwashed 
and  washed  bran.    As  in  the  former  experiments,  the  food  supply  l 
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of  inorganic  phosphorus  was  small  and  similar  in  the  two  rations. 
These  figures  make  it  evident  that  the  quantities  and  proportions 
of  phosphorus  compounds  in  these  two  rations  were  quite  similar 
to  what  was  found  in  the  rations  used  in  experiment  i.  (See 
Tables  31-33.) 

3.  The  relation  in  amounts  and  forms  of  the  ingested  and  the 
outgoing  phosphorus. — The  comments  offered  under  this  heading 
in  discussing  experiment  i  could  be  repeated  here  in  the  main  as 
accurately  characterizing  the  outcome  of  this  experiment.  Briefly 
stated,  the  amount  of  excreted  phosphorus  rose  and  fell  with  the 
food  supply;  during  the  feeding  of  the  high  phytin  ration  phos- 
phorus storage  occurred  while  with  the  low  phytin  ration  the  outgo 
of  phosphorus  was  an  average  of  10.8  grams  per  day  more  than 
the  income,  a  condition  which  the  animal  sustained  through  one 
period  of  30  days  without  serious  effects;  the  phytin  phosphorus 
and  that  in  the  unused  nucleo-proteids  was  practically  all  reduced 
to  inorganic  forms;  the  variations  in  the  outgoing  phosphorus  were 
chiefly  changes  in  the  proportions  of  the  inorganic  salts  of  this 
element  and  Anally  no  evidence  was  secured  showing  that  there 
was  any  synthesis  of  the  phosphorus-bearing  proteids.  (See  Tables 
30-33-) 

4.  Distribution  of  outgoing  phosphorus  compounds  in  the  milk 
and  egesla. — Again  the  outcome  of  this  experiment  is  similar  to 
what  was  observed  with  the  first  one,  viz.,  the  rise  and  fall  of 
phosphorus  compounds  in  the  egesta  occurred  chiefly  in  the  feces, 
though  to  a  considerable  extent  in  the  urine.  When  the  larger 
amount  of  phosphorus  compounds  was  fed,  there  was  a  marked 
increase  in  the  inorganic  phosphorus  compounds  of  the  feces  and 
urine.  Casein  secretion  was  not  affected  by  the  phosphorus  sup- 
ply and  the  proportions  of  organic  phosphorus  bodies  in  the  egesta 
appeared  not  to  be  affected  by  the  supply  of  these  in  the  food.  (See 
Tables  28  and  31-33.) 

5.  Physiological  effects  due  to  variations  in  the  phosphorus 
bodies  of  the  two  rations. — A  larger  proportion  of  ration  i  was 
digested  than  of  ration  2,  due  undoubtedly  to  the  fact  that  the 
washed  bran  was  less  digestible  than  the  unwashed.  Practically 
the  same  proportion  of  nitrogen  was  digested  from  the  two  rations, 
but  there  was  a  somewhat  greater  storage  of  nitr<:^en  compounds 
from  ration  i  than  from  ration  2,  a  result  evidently  independent 
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of  the  phosphorus  supply.  The  withdrawal  of  the  phytin  from 
the  ration  again  had  the  effect  of  causing  marked  constipation, 
although  in  this  experiment,  because  of  the  precautions  that  were 
taken  in  arranging  the  transition  periods,  it  was  not  found  neces- 
sary to  administer  a  purgative  at  any  time.  The  laxative  influence 
of  the  phytin  seems  to  be  well  established,  for  it  does  not  appear 
probable  that  in  washing  the  bran  other  compounds  of  a  laxative 
character  were  taken  out. 

The  volume  of  urine  was  greatly  decreased  when  the  washed 
bran  was  substituted  for  the  unwashed,  the  quantity  with  the  high 
phytin  ration  being  72  per  cent,  larger  than  when  the  phytin  was 
withdrawn.  This  result  is  fully  as  marked  in  this  experiment  as 
it  was  in  the  former  one. 

It  is  very  clear  that  in  this  experiment,  as  in  the  first  one,  the 
excretion  of  nitrogen  bears  no  relation  to  the  phosphorus  outgo, 
a  fact  to  which  reference  will  be  made  later  in  our  discussion. 

The  average  weights  of  milk  produced  as  given  for  the  several 
periods  do  not  show  any  influence  arising  from  changes  in  the 
amounts  of  phosphorus  compounds  fed.  When,  however,  we  come 
to  consider  the  records  of  milk  flow  immediately  succeeding  the 
change  to  the  washed  bran  ration,  the  effect  of  the  change  is  made 
very  evident.  The  following  table  shows  the  milk  yield  through  a 
transition  period  beginning  March  i6th  and  ending  March  24th. 


Tablb  XXXVII. 

— YiBLoa  or  Hilk  During  a  Transition    Period   Fbou 
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The  above  figures  show  an  unmistakable  influence  of  the  change 
in  the  phytin  supply. 

The  influence  of  a  change  in  the  rations  upon  the  composition 
of  the  milk,  that  is,  upon  the  percentage  of  fat,  is  not  as  marked 
as  in  the  first  experiment.  In  Table  28,  where  the  daily  com- 
position of  the  milk  is  detailed,  covering  a  period  from  March 
16th  to  March  30th,  during  which  time  the  ingested  phosphorus 
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was  diminished  from  77  grams  daily  to  16  grams,  tiiere  is  shown 
a  small  but  unmistakable  lowering  of  the  percentage  of  fat.  In 
this  period  from  April  30  to  May  17,  when  a  similar  reduction 
was  made  in  the  ingested  phosphorus,  the  effect  upon  the  fat 
percentage  is  much  more  marked,  amounting  to  from  six  to  seven- 
tenths  per  ct.  During  the  lowering  of  the  quantity  of  phosphorus 
fed  the  decrease  in  the  fat  content  of  the  milk  was  a  progressive 
one.  In  this  period  there  did  not  appear  to  be  a  tendency,  as  was 
observed  in  Experiment  i,  towards  the  restoration  of  the  fat  con- 
tent to  its  original  proportions.  The  decrease  in  the  percentage 
of  milk  solids  is  almost  entirely  accounted  for  by  the  decrease  in 
the  proportion  of  fat.     (See  Tables  27,  30-36.) 

6.  Influence  of  the  two  rations  upon  production. — During  this 
experiment  the  yield  of  total  milk  solida  and  of  casein  gradually 
diminished  without  any  apparent  relation  between  production  and 
the  character  of  the  rations.  The  yield  of  milk  fat  was  percepti- 
bly lessened  during  the  low  phytin  periods.     (See  Table  36,) 

7.  Oestrum  period. — This  animal  did  not  show  the  marked  dis- 
turbance in  this  direction  that  was  observed  with  cow  i.  On  the 
20th  of  February,  during  the  time  she  was  passing  from  a  low 
phytin  ration  to  the  one  rich  in  that  compound,  the  oestrum  failed 
to  appear.  This  was  the  only  instance  of  the  kind  recorded  with 
this  animal.  It  was  thought  that  perhaps  a  withdrawal  of  phytin 
from  the  ration  for  a  long  time  would  produce  a  result  similar  to 
that  which  occurred  with  cow  i,  but  during  a  thirty-day  period  of 
low  phosphorus  feeding,  and  afterwards,  the  oestrum  regularly  oc- 
curred.   The  animal  afterwards  became  pregnant. 


GENERAL  DISCUSSION  OF  THE  THREE  EXPERIMENTS. 

The  data  obtained  from  these  three  experiments  involving  the 
use  of  two  animals,  consistently  support  the  following  conclusions. 
Certain  of  the  facts  observed,  which,  with  others,  are  here  briefly 
summarized,  agree  with  observations  made  by  other  investigators. 

I.  The  amount  of  outgoing  phosphorus  rose  and  fell  with  the 
quantity  supplied  in  the  food,  though  within  narrower  limits.  When 
the  phosphorus  supply  was  abundant  there  was  a  storage  of  this 
element  in  the  bodies  of  the  animals,  but  during  prolonged  periods 
in  which  the  supply  of  phosphorus  was  deficient  there  was  with- 
drawn from  the  body  store  about  10  grams  daily  in  several  periods. 
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2.  TErough  catabolic  changes  the  phosphorus  of  the  phytin  and 
that  of  the  unused  digested  nucleo  bodies  was  reduced  to  inorganic 
combinations,  and  was  excreted  chiefly  in  the  feces,  though  to  a 
small  extent  in  the  urine. 

(The  phosphorus  o£  the  urine  is  calculated  wholly  as  inorganic. 
While  we  may  not  be  justiiied  in  doing  this,  attempts  to  separate 
phytin  or  other  organic  forms  of  phosphorus  from  the  urine  by 
the  methods  employed  in  all  the  other  work  failed  entirely.  What- 
ever error  is  introduced  by  this  method  of  calculation  must  cer- 
tainly be  small.)  Further  evidence  of  catabolic  metabolism  of  phos- 
phorus compounds  is  found  m  the  fact  that  the  inorganic  phos- 
phates of  the  milk  were  from  three  to  five  times  greater  in  quantity 
than  the  total  amount  of  such  compounds  in  the  food.  The  rise 
and  fall  in  the  amounts  of  outgoing  phosphorus  compounds  oc- 
curred almost  wholly  with  the  inorganic  salts  found  in  the  egesta. 
The  organic  phosphorus  bodies  of  the  egesta  were  but  little  affected, 
if  at  all,  by  the  proportions  of  phosphorus  compounds  in  the  food. 
Variations  in  the  phosphorus  supply  appeared  not  to  modify  the 
appropriation  of  this  element  by  the  milk. 

3.  No  relation  whatever  appears  to  exist  between  nitrogen  excre- 
tion and  phosphorus  excretion. 

4.  It  is  shown  without  question  that  the  physiological  effect  of 
the  two  rations,  due  to  the  withdrawal  from  the  bran  of  such  com- 
pounds as  were  soluble  in  slightly  acidulated  water,  differed  to  a 
marked  degree.  With  the  washed  bran  ration  as  compared  with 
the  one  containing  the  unwashe<l  bran,  the  following  differences 
were  observed. 

a.  Drier  and  much  firmer  feces  with  the  washed  bran  ration, 
accompanied  by  a  constipated  condition,  requiring  in  some  cases 
the  use  of  a  purgative. 

b.  A  marked  disturbance  of  appetite  (in  Experiment  3)  when 
a  sudden  change  was  made  from  the  washed  bran  ration  to  the 
one  containing  the  unwashed  bran,  indicating  some  specific  physio- 
logical influence  of  the  compound  or  compounds  removed  from  the 
bran  by  leaching. 

c.  A  greatly  reduced  flow  of  urine  following  a  change  from  the 
unwashed  bran  to  the  washed  bran  ration,  the  reverse  taking  place 
when  a  reverse  change  was  made. 
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d.  An  increase  in  the  flow  of  milk  consequent  upon  the  with- 
drawal from  the  ration  of  the  phytin  and  other  water-soluble  con- 
stituents of  bran, 

e.  A  reduction,  sometimes  large,  in  the  percentage  of  fat  in  the 
milk  consequent  upon  the  withdrawal  from  the  ration  of  phytin 
and  other  water-soluble  constituents  of  bran. 

/.  A  decreased  production  of  butter-fat  during  the  period  tlie 
washed  bran  ration  was  fed,  notwithstanding  a  somewhat  increased 
flow  of  milk. 

g.  The  entire  cessation  of  the  oestrum  period  with  cow  i  and  a 
temporary  disturbance  of  this  period  with  cow  2. 

h.  The  foregoing  effects  were  observed  chiefly  in  experiments  i 
and  3,  in  which  the  difference  in  the  phosphorus  content  of  the 
two  rations  was  brought  about  by  leaching  the  phytin  and  other 
soluble  compounds  out  of  the  wheat  bran.  In  experiment  number 
2  where  the  phytin  content  was  small  and  remained  unchanged, 
similar  physiological  influences  were  not  sufiiciently  marked  to  place 
much  emphasis  upon  them. 

To  what  cause  shall  these  physiological  inHuences  be  attributed? 
— We  now  come  to  the  important  question  as  to  what  compound 
or  compounds  in  the  rations  may  be  regarded  as  the  exciting  cause 
of  the  physiological  influences  observed.  It  is  doubtful  whether 
our  data  justify  definite  conclusions,  but  the  situation  may  be  some- 
what elucidated,  perhaps,  by  a  discussion  of  certain  factors  enter- 
ing into  the  problem.  There  are  several  possibilities  to  be  con- 
sidered : 

1.  The  difference  in  effect  of  the  two  rations  may  be  due  to  the 
larger  supply  of  phosphorus  in  one  ration  without  reference  to  the 
form  of  the  combination. 

2.  The  compound  known  as  phytin  may  have  specific  physio- 
logical influences  in  several  directions. 

3.  The  withdrawal  from  the  ration  of  the  basic  compounds  with 
which  phosphorus  is  associated  in  the  compound  phytin  may  explain 
wholly  or  in  part  the  peculiar  physiological  influences  observed. 

In  discussing  the  first  point  it  should  be  stated  that  experiment 
2  was  planned  with  the  hope  that  by  eliminating  the  phytin  and 
varying  the  quantity  of  other  phosphorus  compounds  light  would 
be  thrown  upon  the  question  of  the  influence  of  the  supply  of 
organic  phosphorus  bodies  without  reference  to  their  nature.    The 
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experiment  was  not  entirely  satisfactory.  In  no  period  was  the 
phosphorus  income  equal  to  the  outgo  and  it  is  not  clear  what 
would  have  been  the  result  had  the  two  rations  been  as  fully 
differentiated  in  their  phosphorus  content  as  was  the  case  in  experi- 
ments I  and  3.  However,  there  are  indications,  not  to  be  ignored, 
that  the  two  rations  in  the  nucleo-proteid  experiment  had  a  some- 
what unlike  effect  upon  the  flow  and  composition  of  the  milk. 

The  other  two  points  must  be  considered  leather.  The  problem 
here  involved  is  whether,  if  phytin  exerts  the  physiolo^cal  effects 
observed,  its  influence  is  to  be  attributed  to  its  acid  phosphorus 
radical  or  to  the  basic  portion,  calcium,  magnesium  and  potassium, 
or  to  the  organic  compound  as  an  entity.  The  question  was  then 
raised  in  the  progress  of  the  work  whether  the  withdrawal  from 
the  bran,  by  leaching,  of  the  bases  calcium,  magnesium  and  potas- 
sium, might  not  so  influence  the  supply  of  the  compounds  of  these 
elements  in  the  rations  as  to  cause  results  that  otherwise  would  be 
attributed  to  the  pKosphorus  supply. 

Analyses  of  both  the  unwashed  and  washed  bran  show  that  th^ 
leaching  removed  the  greater  portion  of  the  magnesium  and  potas- 
sium compounds  and  but  very  little  of  the  calcium  compounds.  The 
following  figures  comfirm  this  statement: 


Tablb  XXXVIII.- 
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The  marked  difference  in  the  composition  of  the  two  kinds  of 
bran,  as  indicated  above,  very  naturally  su^ested  the  inquiry  as 
to  whether  the  supply  of  certain  bases  in  the  washed  bran  ration 
might  not  be  insufficient.  Consequently  the  amounts  of  the  in- 
gested and  outgoing  calcium,  m^^esium  and  potassium  oxides 
were  determined  for  two  periods  in  experiment  3,  one  March  14 
to  17,  inclusive,  during  which  time  unwashed  bran  was  fed;  and 
March  30  to  April  2,  inclusive,  this  being  part  of  a  washed  bran 
period.  The  results  of  this  inquiry  are  ^ven  in  the  following 
tables : 
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The  facts  displayed  in  the  above  figures  are  very  suggestive. 
.  It  appears  that  in  both  periods  the  animal  excreted  more  calcium 
oxide  than  she  received,  and  the  somewhat  surprising  result  is 
shown  that  the  animal  gave  up  from  her  body  store  much  the  larger 
amount  of  calcium  compounds  when  the  income  of  [diosphorus  was 
less  than  the  outgo.    This  fact  will  be  considered  later. 

The  supply  of  magnesium  and  potassium  compounds  was  greater 
in  the  food  in  both  periods  than  was  the  amount  excreted.  In  fact, 
there  was  a  storage  of  magnesium  in  both  periods  and  especially  of 
potassium  in  the  period  of  low  -phosphorus  feeding.  It  is  not  easy 
to  draw  from  these  facts  -  the  conclusion  that  the  unlike  physi- 
ological influence  of  the  two  rations  is  due  to  a  withdrawal  from 
the  bran  of  the  bases  under  consideration.  In  both  periods  there 
was  a  calcium  balance  against  the  animal  and  an  apparently  suffi- 
cient supply  of  both  magnesium  and  potassium.  Our  knowledge  of 
materia  medica  su^ests,  of  course,  that  the  larger  supply  of 
magnesium  compounds  in  ration  i  may  have  had  some  influence  of 
a  laxative  character  and  it  is  also  conceivable  that  the  greater 
amount  of  excreted  potassium  compounds  may  have  increased  the 
flow  of  urine.  Outside  of  these  suggestions  it  is  difficult  to  even 
theorize  as  to  why  the  extent  of  the  supply  of  these  bases  should 
explain  the  physiol<^cal  influences  that  are  under  discussion.  The 
authors  are  inclined  to  the  view  that  the  compound  known  as 
phytin  exerts  specific  physiological  influences. 

The  supposed  laxative  effect  of  whole  wheat  bread. — It  is  gen- 
erally believed,  how  correctly  is  not  definitely  established,  that 
whole  wheat  bread  is  a  desirable  food  for  persons  of  a  constipated 
habit  This  supposed  influence  is  usually  attributed  to  the  effect 
of  the  coarser  material  upon  the  peristaltic  action  of  the  intestines. 
The  outcome  of  this  investigation  very  naturally  suggested  the 
thought  that  if  whole  wheat  iM-ead  really  possesses  the  laxative 
properties  assigned  to  it,  this  may  be  due  to  the  amount  of  phytio 
it  carries  rather  than  to  its  mechanical  condition.  With  this  point 
in  view,  analyses  were  made  of  the  milling  products  from  a  par- 
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Ifcafar  lot  of  wheat,  which  was  ground  at  a  nearby  mill.     These 

anafyses  are  grvwi  in  the  table  below': 

Tablb    XLII. — Pbosphokub    Contbnt    of    Whbat    and    its    MiLLma 

PRODUCTS. 
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It  is  evident,  as  is  well  known,  tiiat  the  phosphorus  compounds 
of  tfie  wheat  Icernel  are  found  mainly  in  the  outer  coatings  and 
gertn  from  which  are  derived  the  bran  and  middlings.  As  the  bran 
idio^thonis  is  mostly  contained  in  the  compound  phjrtin,  it  is  self- 
evident  tfaa,t  this  substance  exists  in  much  larger  proportion  in  the 
whole  wheat  bread  than  in  fine  flour.  These  statements  are  offered 
as  su^^sting  a  problem  for  further  study. 

A  pharmacologicai  study  of  Ike  compound  phytin, — In  view  of 
the  possible  pharmacological  properties  of  this  compound,  as  in- 
dicated in  Aese  experiments,  it  was  tfiought  to  be  very  desirable 
tfiat  experienced  investigators  should  undertake  a  study  of  its 
physiological  infkience.  Correspondence  was  entered  into  with  Dr. 
R.  H.  Chittenden  of  Yale  University  and  he  very  kindly  consented 
to  uadertake  pharmacological  observations  with  this  substance. 
There  was  prepared,  therefore,  in  our  laboratory  the  anhydrooxy- 
methylenediphosphoric  acid,  which  is  phytin  freed  from  its  bases,  a 
quanti^  of  which  was  sent  to  Dr.  Chittenden.  We  understand  that 
the  studies  indicated  are  now  in  progress  under  the  direction  of  Dr. 
L.  B.  Mendel. 

Tht  increased  flow  of  urine,  caused  by  feeding  the  unwashed 
bran  ration. — Several  points  need  consideration  in  this  connection. 
Marked  changes  in  temperature  undoubtedly  have  an  influence  on 
nrnie  secretion  but  as  both  of  these  animals  stood  in  a  rocxn  which 
va9  warmed  to  fbc  point  of  comfort  by  artificial  means,  this  factor 
hardly  n^S^  'CUt'sideiiation.    It  has  already  been  made  clear  that 
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tilt  larger  urine  excretion  was  not  c^related  with  aa  increased 
nifrc^n  ou^o. 

The  amount  of  water  drank  would  certainly  exert  tome  inSu- 
ence.  In  order  to  determine  whether  any  relation  existed  between 
the  water  taken  and  urine  excretion,  the  following  taMe  has  been 
prepared  showing  the  average  daily  quantities  of  water  consmoed 
during  the  periods  for  which  other  averages  have  been  given. 


Taslb  XLIII. — Rblatioh  or  Flow  or  Urinb  to   Ahoi7HT  or 
Drawk. 
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It  would  not  be  logical  to  conclude  from  the  figures  of  the  above 
table  that  the  variations  in  the  volume  of  urine  are  caused  by 
variations  in  the  water  supply.  If  the  whole  case  rested  on  a 
comparison  between  the  period  May  9  to  15  and  the  periods  pre- 
ceding and  following,  a  consistent  relation  would  be  established, 
but  on  the  other  hand  a  comparison  of  the  period,  March  11  to 
16,  with  April  12  to  18,  and  of  February  10  to  16  with  March 
12  to  18,  gives  us  opposing  evidence. 

The  effects  produced  upon  the  volume  and  composition  of  the 
milk. — A  definite  explanation  of  the  unlike  influences  exerted  "by 
die  different  rations  upon  the  volume  and  composition  of  milk  is 
not  now  possible.  It  may  be  that  the  volume  relations  of  toth 
urine  and  milk  are  affected  by  the  osmotic  tensions  induced  by  the 
presence  of  certain  salts. 

The  work  of  Herter  (See  page  59)  showing  that  an  insufficieirt 
fat  supply  in  the  food  of  young  animals  depresses  tiie  assimila- 
tion of  phosphoric  acid,  is  suggestive  in  this  connection.  These 
experiments  show  a  reverse  relation  in  that  the  elaboration  of  butter- 
fat  is  apparently  lessened  by  an  insufficient  phosphorus  supply. 

The  question  naturally  presents   itself  as  to  whether  the  low 


102     Report  of  Department  of  Animal  Husbandry  op  the 


phosphorus  supply  affected  in  any  way  the  constitution  of  the  milk 
fat.  In  order  to  obtain  evidence  on  this  point  the  butter-fat  was 
examined  for  five  different  periods  in  experiment  3, 

1.  Fat  from  the  milk  of  April  19th  to  20th.  High  phosphorus 
feeding  immediately  after  the  change  from  a  low  phosphorus  ration. 

2.  Fat  frotn  milk  of  April  29  to  30,  ten  days  after  the  change 
from  a  low  phosphorus  to  a  high  phosphorus  ration. 

3.  Fat  from  milk  of  May  7  to  8.  Ix>w  phosphorus  ration  imme- 
■diately  after  a  change  from  the  high  phosphorus  ration. 

4.  Fat  from  the  milk  of  May  22  to  23,  fifteen  days  after  the 
change  from  a  high  phosphorus  ration. 

5.  Fat  from  milk  six  weeks  after  the  cow  had  beta  placed  on 
the  regular  "ration  of  the  Station  herd.  This  represents  butter  fat 
produced  under  entirely  normal  conditions. 

The  results  of  these  examinations  are  given  in  the  following 
table : 


Table  XLIV. — Composition  0 
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iRwluble    1      Iodine 
»ld3.       >    absorp. 

K«t.  No. 

UeltioE 
point. 

1::: 

8... 

High 

High 

Lo^ 

f.rrt, 

la'flU 
26!2I 

P,ra. 

sies 

4!  75 

Ptr  ct. 

II 

ssisa 

P,ra. 

II 

1 

f| 

The  indications  are  that  the  constitution  of  the  milk  fat  was 
somewhat  modified  by  the  change  in  the  rations.  The  volatile  and 
soluble  fatty  acids  are  in  smaller  proportion  in  the  fat  produced 
by  the  low  phasphorus  ration  while  the  melting  point  is  somewhat 
higher,  facts  that  are  entirely  consistent  with  each  other,  and  are 
an  additional  indication  of  a  specific  influence  upon  milk-fat  secre- 
tion of  the  compounds  taken  out  of  the  bran  by  leaching  with 
water. 

The  source  of  the  phosphorus  given  up.  from  the  body  store 
during  the  periods  of  low  phosphorus  feeding. — Since  these  two 
animals  were  able  to  sustain  a  loss  of  phosphorus  compounds  from 
the  body  store  during  considerable  periods  of  time  without  any  ap- 
parently serious  consequences  to  the  general  health,  it  becomes  an 
interesting  question  as  to  what  part  of  the  body  store  was  drawn 
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upon.  The  fact  that  the  nitrogen  excretion  was  not  increased 
during  the  feeding  of  the  low  phosphorus  rations  would  indicate  that 
there  was  no  cleavage  of  the  nucleo-proteid  bodies  stored  in  the 
tissues  unless,  indeed,  it  is  possible  for  such  cleavage  to  occur  and 
leave  the  proteid  component  of  these  bodies  intact. 

It  would  appear  reasonable  to  expect  that  the  deficiency  in  the 
|diosphorus  compounds  of  the  food  would  be  made  good  from  the 
body  supply  of  what  may  be  called  the  circulatory  phosphorus 
compounds,  that  is,  those  which  are  soluble  or  transferable.  Facts 
are  available  which  enable  us  to  consider  this  point  of  view  more 
a*  less  intell^ently.  Enunett  &  Grindley*^  in  their  researches  on 
the  chemistry  of  the  flesh  of  steers,  have  made  a  study  of  its  phos- 
phorus content  in  various  forms.  Their  results  show  that  the 
total  phosphorus  from  such  flesh  soluble  in  cold  water  ranged  from 
.146  per  ct.  to  .257  per  ct.,  averaging  approximately  .2  per  ct.  Of 
this  .12  per  ct.  consists  of  soluble  inorganic  phosphorus  bodies, 
chiefly  potassium  phosphates,  only  about  .08  per  ct.  being  in  the 
iorm  of  organic  phosphorus  compounds. 

In  an  experiment  by  Jordan"*  concerning  the  relation  of  food 
'  to  the  growth  and  composition  of  the  bodies  of  steers,  it  was 
found  that  the  soft  tissues  of  the  bodies  of  the  experimental  ani- 
mals, exclusive  of  the  blood  and  the  contents  of  the  stomach  and 
intestines,  represented  about  51  per  ct,  of  the  total  body  weights. 
Assuming  the  same  relations  for  the  bodies  of  the  animals  in  these 
experiments  and  that  the  soft  tissues  contain  .2  per  ct,  of  phos- 
phorus in  soluble  or  transf^able  combinaticHis,  we  find  by  compu- 
tation tGat  the  total  quantity  of  such  phosphorus  would  be  approx- 
imately 525  and  450  grams  for  cows  i  and  3  respectively.  The 
figures  of  the  preceding  tables  show  that  there  was  one  period  at 
least  in  which  the  phosphorus  deficiency  approximated  10  grams 
daily  for  30  days.  The  question  is,  then,  whether  from  the  store 
of  soluble  phosphorus  compounds  an  amount  equal  to  300  grams 
of  phosphorus  could  be  withdrawn  without  serious  results  to  the 
animal's  health.  That  this  could  happen  certainly  seems  im- 
probable. 

Attention  has  been  called  to  tables  39-41,  which  shows  the  income 
and  outgo  of  the  oxides  of  calcium,  magnesium  and  potassium 
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durii^  two  periods  oi  four  days  each,  one  with  an  excess  and 
the  other  with  a  deficiency,  of  phosphorus  compounds  in  the  ration. 
The  tinlike  results  in  the  two  periods  appear  to  be  significant  in 
their  relation  to  the  supply  of  phosphorus  compounds.  During  the 
period  of  low  phosphorus  supply  the  withdrawal  of  calcium  com- 
pounds from  the  body  store  was  greatly  increased,  with  a  some- 
what corresponding  increase  in  liie  storage  of  potassium  oxide. 
There  was  a  storage  of  magnesium  oxide  in  both  the  high  and  low 
phosphorus  periods,  this  being  considerably  greater  in  the  former. 
These  facts  would  indicate  that  there  was  a  replacement  of  calcium 
oxide  by  another  base,  particularly,  in  the  period  of  low  (diosphoms 
feeding.  On  the  other  hand  the  greatly  increased  excretion  of 
calcium  compounds  in  the  low  phosphorus  period  suggests  a  cleav- 
age of  calcium  compounds  in  some  way  connected  with  the  defi- 
ciency of  phosphorus  in  the  food,  the  most  natural  inference  being 
that  the  egested  phosphorus  not  supplied  by  the  food  was  obtained 
from  a  body  compound  ccmtaining  calcium  oxide  as  a  base. 

The  metabolism  and  excretion  of  phosphorus  and  other  minerai 
compounds  of  the  food. — It  has  been  shown  that  the  phosphorus 
of  the  catabolized  phytin  and  nucleo-proteids  appears  in  inorganic  * 
comlHnations  mostly  in  the  feces,  though  to  some  extent  in  the 
urine,  and  that  the  calcium  oxide  which  is  withdrawn  from  the 
body  store  is  excreted  in  a  quite  similar  manner.  These  are  facts 
of  general  physiological  interest  and  are  confirmatory  of  the  oh- 
servations  made  by  other  investigators. 

The  question  as  to  where  the  cleavage  of  the  compounds  under 
consideration  takes  place  is  an  interesting  one.  In  order  to  throw 
light  on  this  problem  we  have  studied  the  action  of  trypsin  and 
pepsin  on  the  free  acid  of  phytin  and  its  simple  salts  without 
securing  evidence  of  the  power  of  these  enzyms  to  split  diese 
bodies  into  inorganic  forms.  To  be  sure,  the  influence  of  other 
enzyms  such  as  erepsin  and  of  bacterial  ferments  has  not  been 
tested  and  so  we  have  no  direct  proof  that  these  latter  might  not 
effect  a  cleavage  of  the  phosphorus  bodies  we  are  studjring,  but  this 
hardly  seems  probable. 

It  is  certain  diat  phytin  entirely  disappeared  from  the  intestinal 
tract  and  did  not  reappear  even  in  small  proportions  in  the  milk  (m* 
urine.    By  our  methods  of  analysis  it  is  possible  to  determine  very 
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small  amounts  of  soluble  organic  phosphorus  but  elaborate  examina- 
tions of  large  quantities  of  milk,  urine  and  feces  during  a  time  when 
the  animal  was  receiving  an  excessive  amount  of  phytin,  failed  to 
reveal  its  presence  even  in  minute  proportions.  These  facts,  to- 
gether with  the  failure  to  cause  a  cleavage  of  phytin  through  the 
action  of  enzyms,  indicate  that  this  body  was  absorbed,  metabolized, 
and  its  phosph(»-U8  excreted,  largely  through  the  feces,  in  inorganic 
forms. 

The  observations  of  other  experimenters  show  clearly  that  flie 
presence  of  any  compound  in  the  ieces  is  not  proof  that  it  has  not 
been  absorbed  into  the  body  cavity,  Bergman'^  demonstrated 
that  when  glycero-phosphoric  acid  is  injected  subcutaneously  into 
a  sheep  the  phosphoric  acid  is  excreted  in  the  dung.  Mendel  S 
Thacher^  have  also  shown  that  mineral  compounds  that  are  ab- 
sorbed from  the  intestinal  tract  may  afterward  appear  in  the  feces. 
There  is  a  growing  evidence  among  physiolc^sts  that  the  ali- 
mentary canal  is  a  channel  for  the  excreticxi  of  something  more 
than  the  substances  which  have  failed  of  digestion  and  absorption, 
and  consequently  that  the  percentage  of  digestibility  of  certain 
compounds  is  not  measured  by  the  difference  between  the  amounts 
of  these  compounds  in  the  food  and  in  the  feces.  It  seems  to  be 
practically  established  that  the  claim  made  by  Rubner**  that  the 
loss  through  non-absorption  of  the  mineral  constituents  of  whole 
wheat  flour  as  compared  with  patent  flour  is  much  greater  in  the 
case  of  the  former,  does  not  rest  on  a  sound  basis,  an  observation 
which  applies  equally  well  to  all  conclusions  reached  in  a  similar 
manner.  A  comparison  of  the  mineral  compounds  of  the  con- 
stituents of  the  food  with  those  in  the  fecal  discharge  evidently  can 
not  be  depended  upon  as  a  means  of  ascertaining  the  availability 
and  usefulness  of  the  ingested  mineral  compounds. 

The  foregoing  data  include  many  interesting  facts,  but  do  not 
justify  final  conclusions  concerning  the  main  points  under  investi- 
gation. On  the  basis  already  established,  however,  the  authors  plan 
to  continue  the  inquiry  with  the  hope  of  reaching  a  more  complete 
soluticn  of  the  problems  involved. 

'lahresber.  Agr.  Chem.,  3d  R,  4:  354.    igot. 
"Amer.  /ow.  Physiol.,  it:  5.    igo). 
"Zeit  Biol.,  19:  45,  >883. 
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THE    "KING    SYSTEM"    QF    STABLE 
VENTILATION.* 

W.  H.  JORDAN. 

This  system  was  devised  by  Prof.  F.  H.  King,  formerly  of  the 
Wisconsin  Agricultural  Experiment  Station,  and  has  come  into 
quite  general  use  in  recently  constructed  dairy  barns  and  horse 
stables  and  in  remodeled  older  buildings.  It  is  in  successful  opera- 
tion in  both  dairy  bam  and  horse  bam  at  this  Station. 

The  system  provides  for  the  temoval  of  foul  air  from  near  the 
floor  (openings  A,  A,  Fig.  i),  under  ordinary  conditions  or  from 
near  the  ceiling  (openings  B,  B)  when  the  circulation  of  atr  is 
sluggish  or  when  it  is  desired  to  remove  warm  air  quickly.  These 
air  exits  are  closed  by  register  valves,  and  open  into  a  duct,  partly 
in  the  side  wall  of  the  stable,  which  is  made  practically  airtight.  It 
is  also  insulated  by  double  walls  and  air  chamber  and,  though  near 
the  roof  for  part  of  its  course,  is  separated  from  it  a  considerable 
distance.  By  these  means  too  rapid  cooling  of  the  rising  warm  air 
is  avoided,  which  would  cause  condensation  of  moisture,  and  damp- 
ness. The  two  ducts  from  the  side  unite  (at  D)  in  a  single  duct 
which  leads  to  a  point  well  above  the  roof  where  it  discharges 
through  a  ventilator  that  cuts  off  down  drafts  from  outside  air 
currents  but  allows  rapid  removal  of  the- outflowing  air. 

The  system  also  provides  for  the  entrance  of  fresh  air.  This  is 
taken  in  at  the  bottom  of  a  duct  in  the  wall  (F,  Fig.  i),  and  dis- 
charged into  the  room  near  the  ceiling.  As  shown  by  the  floor 
plan  and  side  elevation  there  are  two  outflow  ducts  on  each  side  of 
the  stable  and  three  inflow  ducts.  This  secures  good  distribution  of 
the  fresh  air. 

In  the  Station  stable,  33x51  feet  and  accommodating  22  to  26 
cows,  the  4  outflow  tubes  are  each  10  x  16  inches,  giving  640  square 
inches,  or  29  to  24  square  inches  to  each  animal ;  and  the  6  inflow 
ducts  are  each  6x16  inches,  giving  576  square  inches,  or  26  to  21" 
square  inches  to  each  cow.  Prof.  King  suggests  a  2  ft,  by  2  ft 
ventilating  flue  for  each  20  cows,  giving  about  29  square  inches  for 
each  cow. 

If  the  system  is  to  be  installed  provision  should  be  made  to  have 
it  do  all  the  ventilating;  that  is,  walls,  windows,  doors  and  ceiling 
must  be  made  tight, 

•  A  reprint  of  Circular  No.  7,  n.  ser.  O 


Fig.  I. —  Section  of  Cattle  Barn  at  New  York  AGRicur.TURAL  Experiment 
Station,  Geneva,   N.   Y.,   Showing   Svstem   of  Ventilation- 
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Fig.  2.— Plan  op  Cow  Stable  at  New  York  Acmcolturai.  Expebiment 
Station,  Geneva,  N.  Y,,  Showing  Location  of  Air  Ducts. 


=_eM » 


Hoe.     ELEVATION    -    cow    I 


a.c  ritu  ^(iSiwWiM 


Frc.  3.— Eletation  or  East  Side  of  Cow  Stable  at  New  York  Agricul- 
tural Experiment  Station,  Geneva,  N.  Y.,  Showing  Location  of  Air 
Entrances  and  Discharges. 
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Fig.  4.— Section  of  Cattle  Barn  at  Experiment  Station,  Madison, 
Wis.,  Showing  System  of  Ventilation. 
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Fic.  5.—  Plan  op  Cow  Stable  at  Expercment  St^tiok,     • 
Madison,  Wis.,  Showing  Location  of  Air  Duc^v   ■■  -, 
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REPORT  OF  THE  DEPARTMENT  OF 
BACTERIOLOGY. 


THEQUALITYOF  COMMERCIAL  CULTURES 

FOR  LEGUMES  IN  1906,* 


U.  A.  HARDING  akd  M.  J.  PRUCHA. 


SUMMARY. 

Cnltures  of  legntne  bacteria  dried  upon  cotton  mccor^g  to 
Moore's  method  have  been  tested  by  sixteen  Agricitltursl  Expcfi- 
ment  Stations  in  1904-5  and  all  have  found  such  cultures  to  be  o( 
little  or  no  practical  value.   ■ 

Metal  containers  have  been  recently  put  forth  as  a  means  of  pro- 
tectiI^:  such  cultures  and  it  was  claimed  that  culture  packed  in 
diis  way  would  remain  active  for  long  periods. 

A  careful  examination  of  fourteen  such  cultures  showed  that  Che 
datms  made  for  the  metal  container  were  not  borne  out  in  praxtiiat. 

The  results  from  the  examinations  of  twenty  commercial  cultnns 
indicate  that  the  goods  upon  the  market  for  1906  were  iitde  ii  -MOf 
better  than  those  offered  in  1905. 

In  neither  year  was  there  any  evidence  tiiat  the  pnrchater  ted 
had  more  than  the  remotest  chance  of  receiving  the  wortb  of  hta 
moaey  ftom  the  use  of  such  cultures. 

INTRODUCTION. 

During  the  years  1904-5  great  interest  was  nnurifested  thpoUji^- 

oitt  the  country  in  the  artificial  inoculation  of  l^;umes  with  fbeir 

appropriate  bacteria  in  order  to  stimulate  the  fixation  oi  tutrqieo 

from  the  air.    This  interest  was  due  to  the  aeitsalianal  Bt^ater  fa 
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which  this  subject  was  brought  to  the  public  notice  at  a  time  when 
farmers  were  beginning  to  realize  the  importance  of  legumes  in 
soil  enrichment  and  to  know  what  substantial  results  had  been  ob- 
tained by  the  use  of  naturally  inoculated  soils.  That  this  interest 
was  due  to  the  manner  of  presentation  rather  bian  to  the  newness 
of  the  subject  matter  is  seen  from  the  following  facts:  Practically 
identical  culture  media^  had  been  employed  in  growing  these  germs 
for  many  years,  the  idea  that  the  activity  of  the  cultures  could  be 
increased  by  controlling  their  environment  has  long  been  held, 
especially  by  Hiltner,'  and  the  method  of  shipment  on  absorbent 
material  has  been  considerably  used  with  yeast  cultures.  The  main 
value  of  this  presentation  lay  in  the  fact  that  it  succeeded  in  bring- 
ing these  scientific  facts  to  the  attention  of  the  agricultural  public. 
Coincident  with  this  public  interest  in  the  subject  of  artificial 
inoculation  there  appeared  commerdal  companies  which  offered 
cultures  for  this  purpose.  Inquiries  concerning  the  value  of  these 
commercial  cultures  began  to  pour  in  at  the  various  Agricultural 
Experiment  Stations  and  in  order  to  obtain  data  upon  which  to 
answer  these  inquiries  the  Experiment  Stations  made  tests  of  these 
cultures. 

INVESTIGATIONS. 

RESULTS   FROM    PREVIOUS  EXAMINATIONS. 

The  tests  by  the  various  Agricultural  Experiment  Stations  were 
made  under  a  wide  range  of  conditions  and  in  practically  all  possible 
ways.  They  included  extensive  examinations  in  the  laboratory  as 
well  as  trials  by  pot  experiments  and  field  tests. 

In  the  tests  by  sixteen  Stations',  the  results  from  which  are  now 
available,  there  was  a  strikii^  similarity  in  one  particular;  they 

-  *  The  cultivation  of  legume  bacteria  in  nitrogen-free  media  bar  long  been 
a  common  practice.  Laurent  (Rechcrches  sur  les  nodtsites  radicalea  des 
Legumineuses.  Ann.  Inst.  Pasteur,  5;  105.  i8gi)  used  the  following  med- 
ium :  Distilled  water  1000  c.c.  potassium  phosphate  I  gram,  1 
■ulphate,  I  gram,  and  saccharose. 

'Cent.  Bakt.  [etc.],  II,  10:660.    1902. 

•Okla.  Agr,  Exp.  Station  Bui.  68.    1905. 

New  York  Agr.  Exp.  Station  Bull.  270.     igoS- 

W.  Va.  Agr.  Exp.  Station  Bui.  105.     1906. 

Ga.  Agr,  Ej:p.  Station  Bui.  71.    1905. 
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unite  in  saying  that  they  have  failed  to  find  evidence  that  these 
cultures  are  of  any  value  to  the  agriculture  of  their  particular 
regions. 

Bulletin  270  of  this  Station  gives  the  results  of  bacteriological  ex- 
aminations in  1905  of  eighteen  packages  of  inoculated  cotton  cul- 
tures for  legumes,  put  up  by  the  National  Nitro-culture  Co.,  of 
West  Qiester,  Pa.  Duplicate  portions  from  six  of  these  packages 
were  examined  at  the  Agricultural  Experiment  Stations  in  Delaware, 
Michigan,  New  York  and  New  Jersey  and  by  Parke  Davis  &  Co., 
at  Detroit,  Mich.  These  eighteen  packages  were  all  found  to  be 
worthless  for  practical  purposes.  It  was- further  shown  experi- 
mentally that  the  failure  of  these  commercial  cultures  was  inherent 
in  the  manner  of  their  preparation. 

Great  stress  is  laid  by  the  commercial  companies  upon  the  re- 
sults obtained  by  farmers  from  the  use  of  these  cultures.  Of  the 
large  number  of  farmers  (approximately  a  hundred)  whose  ex- 
perience has  come  to  us  during  the  past  two  seasons,  but  six  have 
believed  that  they  had  obtained  any  result  whatever  from  the  use 
of  such  cultures.  One  had  tried  the  inoculation  on  garden  peas. 
When  the  matter  was  reported  in  November  the  crop  had  dis- 
appeared, but  the  statements  of  both  the  man  and  his  neighbtn-s  left 
little  room  for  doubt  that  good  results  had  been  obtained.  A  second 
farmer  had  tested  inoculation  on  cow  peas,  and  while  he  main- 
tained that  there  was  a  marked  increase  in  the  nodule  formation  on 
the  inoculated  area,  there  was  no  discoverable  difference  in  the  crop 
obtained  from  the  two  portions.  A  third  was  enthusiastic  concern- 
ing results  obtained  with  alfalfa,  but  as  no  plat  had  been  sown  with- 
out inoculation  it  was  hard  to  see  upon  what  he  based  his  con- 
clusions.    Two  other  fields  of  alfalfa  where  the  owners  believed 

Me.  Affr.  Exp.  Station  Bui.  128.    1906. 

Cornell  Univ.  Agr.  Exp.  Station  Bui.  237.    1906. 

Ky.  Agr.  Exp.  Station  BuL  125.     igo6. 

Ontario  Agr.  Coll.  Bull,  i^a    1906. 

Pa.  Agr.  Exp.  Station  Bull.  78.    1906. 

Ann.  Rept.  Wis.  Exp.  Station  aa:  243.     igos. 

Ann.  Rept.  Mass.  Exp.  Station  18:77.    1906. 

Unpublished  results  were  kindly  furnished  by  Agricultural  Experiment 
Stations  of  North  Carolina  and  Virginia. 

Also  see  Report  on  field  and  pot  culture  experiments  at  Wobum  (Eng.) 
Experiment  Station.    1904,  r ;  1  .ji,,  \.jtmvn^ 
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that  they  had  obtained  good  results  from  the  use  of  commercial 
cultures  were  examined  without  finding  anything  upon  which  to 
base  such  conclusions.  Another  alfalfa  field  has  been  reported  but 
has  not  yet  been  examined.  It  would  thus  appear  that  the  negative 
results  obtained  from  these  cultures  in  the  laboratory  at  the  Ex- 
periment Station  are  in  close  accord  with  what  is  being  actually 
obtained  in  practice  upon  the  farms. 

EFFECT  OP  THESE  RESULTS  UPON   TRADE  CONDITIONS. 

It  is  encouraging  to  note  that  while  the  trade  in  these  commercial 
cultures  was  brisk  during  the  season  of  1905  the  adverse  reports 
which  began  to  appear  at  the  end  of  that  season  from  the  Experi- 
ment Stations,  the  agricultural  press  and  from  the. farmers  them- 
selves, have  very  markedly  reduced  the  use  of  these  cultures. 

MODIFICATION    OF   THE   ORIGINAL    METHOD. 

Kellerman  &  Beckwith*  have  shown  that  when  cultures  of  legume 
bacteria  are  placed  on  cotton,  dried  promptly  and  kept  absolutely 
dry,  they  retain  their  vitality  for  a  considerable  time.  The 
National  Nitro-culture  Co.  took  advant^e  of  this  fact  and  put 
upon  the  market  cultures  on  cotton  inclosed  in  metal  containers. 
The  company  claimed  thereby  to  obviate  all  the  objections  which 
had  been  raised  against  their  cultures  as  put  out  during  1905.  These 
metal  containers  were  collapsible  tubes  similar  to  those  in  which 
bicycle  cement  is  commonly  sold,  except  that  they  had  no  small 
opening  and  were  closed  by  rolling  up  and  compressing  the  large 
end.  That  such  a  closure  does  not  completely  cut  off  the  air  is  plain 
to'anyone  who  has  purchased  a  tube  of  bicycle  cement  which  has 
been  long  in  stock. 

Since  it  was  this  company  whose  preparations  had  been  found 
worthless  last  year,  common  justice  demanded  that  their  product 
be  again  tested  and  if  found  to  be  as  much  improved  as  claimed  by 
them  the  fact  should  be  given  as  wide  circulation  as  had  the  con- 
demnation of  their  product  of  the  preceding  season. 

'KsUerman,  K.  F.,  &  Beckwith,  T.  D.  Effect  of  drying  upon  legtune 
bacteria.    Scienct,  N.S.,  33:471-470.    1906. 
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EXAMINATION  OF  CULTURES  IN   I906. 

Duplicate  acre  packages  for  three  legumes  were  purchased  from 
each  of  three  seedsmen,  or  eighteen  packages  in  all.  Mr.  C.  K. 
ScooD,  a  local  farmer,  very  kindly  made  the  purchase  for  us. 

The  cultures  had  all  been  put  up  by  the  National  Nitro-culture 
Co.,  and  since  they  bore  the  date  1906  were  surely  not  old  cultures 
which  had  been  long  in  the  hands  of  the  seedsmen.  Twelve  pack- 
ages, six  for  alfalfa  and  six  for  crimson  clover,  were  contained  in 
the  metal  tubes,  while  the  six  cultures  for  vetch  were  wrapped  in 
parchment  paper  and  tin  foil,  as  was  the  case  with  the  packages 
last  season.  This  could  hardly  have  been  an  accident  since  it  was 
equally  true  of  the  cultures  received  from  each  of  the  three  seeds- 
men. 

Method  of  making  the  examinations. — The  diemicals  used  in  all 
cases  were  those  accompanying  the  cultures.  They  were  dissolved 
in  the  appropriate  amount  of  rain  water  and  the  solutions  sterilized 
in  order  to  reduce  the  chance  of  outside  contaminations  and  enable 
us  to  determine  just  what  germs  were  on  the  cotton.  In  making  a 
test  of  these  commercial  cultures  the  packages  were  carefully  opened 
and  the  inoculated  cotton  divided  into  three  equal  portions  with 
sterile  instrimients  and  under  conditions  which  exposed  the  material 
to  the  least  possible  opportunity  for  contamination.  In  each  case 
pne  of  these  portions  was  placed  in  a  flask  containing  100  c.  c.  of 
the  sterile  nutrient  solution  above  described.  The  remainder  of  the 
cotton  was  returned  to  the  original  container  and  sealed  as  before. 

The  flasks  were  held  at  25°  C.  (77"  F.).  At  the  end  of  twenty- 
four  hours  the  proper  amount  of  sterile  ammonium  phosphate  was 
added.  The  formation  of  turbidity  was  noted  and  the  contents  ex- 
amined by  means  of  hanging  drop  and  stuaed  cover  glass  prepara- 
tions. Peptone-free  agar  plates  were  inoculated  from  each  flask 
at  the  end  of  two,  and  again  at  the  end  of  five  days.  Any  colonies 
resembling  the  legimie  tiacteria  which  appeared  Upon  the  plates  were 
given  further  study. 

In  the  case  of  each  examination  of  these  cultures  two  series  of 
control  flasks  were  also  used.  One  series  received  the  same  treat- 
ment as  the  test  flask  with  the  exception  that  in  place  of  the  cotton 
these  flasks  received. a  portion  of  a  pure  culture  of  legume  bacteria. 
In  the  other  series  &e  flasks  received  the  same  chemicals  a^^  i^^'iv 
posure  to  contamination  but  did  not  recdve  either  cotton  or  ui- 
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tentional  inoculation.  The  object  of  the  first  series  was  to  show 
that  the  conditions  in  the  flasks  were  such  that  the  legume  bacteria 
could  make  successful  growth,  while  the  second  series  was  intended 
to  measure  the  probability  of  the  flasks  becoming'  accidentally  con- 
taminated during  the  process  of  manipulation.  The  flasks  inocu- 
lated* with  legume  bacteria  uniformly  produced  both  an  abundant 
and  a  pure  growth  of  the  germ  with  which  they  had  been  seeded. 
This  shows  that  the  conditions  were  good  for  the  development  of 
any  legume  bacteria  which  might  be  present  upon  the  cotton.  The 
uninoculated  flasks  remained  sterile,  indicating  that  there  was  sli^^t 
probability  that  any  of  the  flasks  became  accidentally  contaminated 
during  the  process  of  the  test. 

Results  of  the  examinations. — A  test  of  each  of  the  eighteen 
cultures  was  begun  on  November  lo  atid  a  second  test,  using  a 
second  portion  from  each  commercial  package,  was  started  Novem- 
ber 15,  1906.  While  each  of  these  tests  was  carried  through  en- 
tirely separate  the  data  are  here  combined  into  a  single  table,  in  order 
that  the  results  may  be  more  easily  compared. 

Tablb  I, — Results  of  thb  Exauination  op  Nitbo-Culturbs. 


XVI... 

xvn. . 
xviii . 


AlfalU.. 

Alfalfa. . 

Alfalfa.  . 
Alfalfa.  . 
Alfalfa .  . 
Alfalfa .  . 
Crimion, 

^  clover. , 

dovei. . 
Crimsoo 

clover. . 
Vetch . . , 
Vetch. . , 
Votch. . . 
Vetch.., 
Vetch... 
Vetch... 


Y™t  In. 


molds, 
pink  yeaat, 
foreign  bacteri 


Yeast. 
Pink  yeast. 


Uoldi. 
Uotdi. 
Foreign  bacteria  and  S  p 

Foreign  bacteria. 

40  per  ct.  Ps.  radidcala,  fORisn 

GO  per  ct.  Pt.  radicitola,  fontgn 
Foreign  bacteria. 
Foreign  bai ' 


•  ct.  Pi.  raJM- 


Uold*  and  yeaat 
Foreign  bacteria 


moldi.  e  per  ct.  Pi, 
o  bacteria. 
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It  will  be  seen  that  no  legume  bacteria  could  be  found  ia  fourteen 
of  the  eighteen  cultures  examined.  In  two  of  the  four  commercial 
cultures  where  legume  bacteria  were .  found  they  were  present  in 
very  small  numbers,  and  had  they  been  exposed  to  the  mixed 
growth  which  occurs  when  the  cultures  are  developed  upon  the 
farm,  it  is  very  doubtful  whether  any  result  would  have  been  ob- 
tained from  the  use  of  these  cuhures.  In  the  two  commercial  cul- 
tures where  the  legume  bacteria  developed  sufficiently  to  represent 
from  20  per  cent,  to  50  per  cent,  of  the  germs  present,  they  would 
probably  have  developed  in  some  numbers  under  ordinary  con- 
ditions. That  such  cultures  do  occasionally  develop  in  this  waj 
seems  probable  from  the  few  apparently  well  authenticated  cases 
where  good  results  have  followed  the'use  of  commercial  cultures. 

The  finding  of  even  this  small  number  of  the  desired  bacteria 
marks  a  decided  advance  over  the  conditions  found  last  season,  but 
at  best  makes  only  a  very  poor  showing  for  the  cultures. 

Yeast  and  molds  invariably  developed  in  the  flasks.  In  some  cases 
the  turbidity  appearing  in  three  or  four  days  was  due  to  these 
organisms.  The  bacterial  contaminations  consisted  of  several  dif- 
ferent organisms. 

Packages  Nfis.  i  to  12  were  in  metal  containers  while  packages 
Nos.  13  to  18  were  wrapped  in  parchment  paper  and  tin  foil.  Our 
data  fail  to  show  that  the  metal  containers  exerted  any  favorable 
influence  upon  the  legume  "bacteria.  The  only  apparent  difiEerence 
between  the  cultures  inclosed  in  the  metal  containers  and  those 
wrapped  in  parchment  paper  and  tin  foil  was  that-  the  latter  were 
more  heavily  contaminated. 

CULTURES  FROM  OTHER  SOURCES, 

During  the  season  we  examined  two  other  packages  of  inocu- 
lated cotton  cultures  put  up  by  this  same  firm  and  inclosed  in  metal 
containers. 

In  May,  1906,  Prof.  J.  L.  Stone  developed  a  culture  on  cotton 
for  alfalfa,  following  the  directions  carefully.  The  solutions  be- 
came turbid  at  the  proper  time  and  everything  seemed  normal.  The 
seed  was  inoculated  on  the  second  day,  and  plates  inoculated  with 
the  fluids  at  that  time  showed  only  an  occasional  colony  of  the 
Iq^ume  bacteria.  There  was  an  abundant  growth  of  miscellaneous 
forms.  Professor  Stone  reports  that  the  culture  was  without  dis- 
coverable effect  upon  the  alfalfa. 
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In  August,  1906,  a  paclcage  of  Nitro-culture  in  metal  container 
was  8«nt  in  by  Mr.  W.  A.  Ruryon,  Westtown,  Orai^  county,  with 
a  request  that  tts  quality  be  determined.  A  portion  of  the  cotton 
cultures  was  placed  in  the  proper  sterile  solutions  and  allowed  to 
develop.  Examinations  with  the  microscope  and  by  means  of  plates 
failed  to  detect  the  presence  of  the  desired  legume  bacteria. 

C0NCLl}5I0HS. 

It  would  seem  from  these  results  that  the  strong  claims  made  by 
the  culture  company  for  the  metal  containers  are  not  at  all  in  ac- 
cord with  the  facts. 

It  should  be  clearly  understood  that  this  publication  concerns 
itself  only  with  the  commercial  cultures  which  up  to  this  time  have 
been  exclusively  those  dried  upon  cotton  in  accord  with  the  method 
of  Dr.  Moore.  These  cultures  have  proved  essentially  a  complete 
failure  in  tests  made  in  practically  all  parts  of  the  country  and  it 
is  hard  to  understand  how  any  firm  can  feel  justified  in  continuing 
to  offer  such  cultures  for  sale. 
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REPORT  OF  THE  BOTANICAL 
DEPARTMENT. 

POTATO-SPRAYING   EXPERIMENTS  IN   1905.* 


F.  C.  Stewart,  H.  J.  Eustace  and  F.  A.  Sirrine, 


SUMMARY. 


The  fourth  year  of  the  ten-year  series  of  potato-spraying  experi- 
ments begun  in  1902  is  now  completed.  During  1905  the  *ork  was 
carried  out  along  the  same  lines  as  in  1904.  Seventy  separate  ex- 
periments are  reported  in  this  bulletin. 

Ten-Year  Experiments. 
At  Geneva,  five  sprayings  increased  the  yield  i  I9>S  bushels  per 
acre,  while  three  sprayings  increased  it  107  bushels.  The  gain  was 
due  partly  to  prevention  of  late  blight  and  partly  to  prevention  of 
rot.  At  Riverhead,  the  gain  due  to  five  sprayings  was  82  builicls 
per  acre  and  to  three  sprayings,  31H  bushels.  Here,  the  flea  beetle 
was  the  chief  enemy. 

Farmers'  Business  Experiments. 

In  thirteen  experiments,  including  i6'i^  acres,  the  average  gain 

due  to  spraying  was  46^^  bushels  per  acre ;  tl:e  average  total  cost  of 

spraying,  $4.25  per  acre ;  the  average  cost  of  each  spraying,  98  cents 

per  acre;  and  the  average  net  profit,  $20.04  Pc  a'^re. 

Volunteer   Expehi-ments. 

In  fifty  experiments,  including  407  acres,  the  average  gain  due 

to  spraying  was  59J4  bushels  per  acre.    In  27  of  these  experiments 

the  average  total  cost  of  spraying  was  $4.57  per  acre;  the  average 

*.\  reprinl  of  Bulletin   No.  279. 
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cost  for  each  spraying,  92  cents ;  and  the  average  net  profit,  $29.85 
per  acre. 

Soda  Bordeaux  vs.  Lime  Bordeaux. 
In  comparative  tests  of  efficiency  of  these  fungicides,  rows 
sprayed  four  times  with  lime  bordeaux  outyielded  rows  similarly 
sprayed  with  soda  bordeaux  by  9  bushels  per  acre  in  one  test  and 
by  J5  bushels  per  acre  in  another  test.  For  use  on  potatoes,  soda 
bordeaux  is  not  superior  to  lime  bordeaux. 

BcHiDEAux   With    and   Without    Paris   Green, 
Potatoes  are  in  no  way  injured  by  paris  green  properly  applied; 
viz.,  in  moderate  amount  (one  to  two  pounds  per  acre)  with  bor- 
deaux mixture. 


BoRDE.AUx  With  and  Without  Absenite  of  Soda. 

Arsenite  of  soda  may  be  safely  used  with  bordeaux  at  the  rate 

of  one  quart  of  the  stock  solution  { Kedzie  formula)  to  fifty  gallons. 

Cold  vs  Warm  Borde,\ux, 
Potato  foliage  was  in  no  way  injured  by  spraying  on  hot,  sunny 
days  with  bordeaux  having  a  temperature  of  40  degrees  to  54 
degrees  Fahr,  It  appears  that  no  attention  need  be  paid  to  the 
temperature  of  the  water  used  in  making  bordeaux  for  spraying 
potatoes, 

-     Potato  Troubles  in   1905. 
In  unsprayed  fields  the  loss  from  blights,  rot  and  flea  beetles  was 
at  least  fifty  bushels  per  acre  on  the  average.    Most  of  this  loss 
was  due  to  late  blight  and  the  rot  which  follows  it. 

Does  Spraying  Pkevknt  Rot? 
The  general  tenilency  of  spraying  is  to  reduce  the  amount  of 
rot.  In  most  cases  the  reduction  is  very  marked ;  in  some  cases 
there  is  no  difference;  and  occasionally  spraying  increases  the 
amount  of  rot.  It  depends  on  weather  conditions  and  the  tliorongh- 
ness  of  spraying.  Mnt  whatever  the  effect  on  rot.  sprayed  plants 
alu-avs  give  a  larger  yield  of  marketable  tubers. 
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Spraying  is  Propitablb. 

Judging  from  the  experiments  thus  far  made  it  app^rs  that 
spraying  for  blight  is  an  operation  which  no  potato  grower  in  New 
York  can  afford  to  neglect.  Thirty-three  farmers'  business  experi- 
ments made  during  the  past  three  years  show  an  average  net  profit 
of  $22.79  P"  **^*  <1^*  *o  spraying. 

Directions  for  Sprayi^ig. 

Commence  spraying  with  bordeaux  wheh  the  plants  are  6  to  iJ 

inches  high  and  repeat  at  intervals  of  10  to'  14  days  throughout  the 

season,  making,  in  all,  hve  or  six  applications.     When  biigs  are 

troublesome  add  paris  green  or  other  poison. 

INTRODUCTION. 

During  the  season  of  1905  the  Station  continued  the  ten-year 
potato-spraying  experiments  begun   in   1902.     'ITiese   experiments 

.are  deseed  to  determine  how  much  the  yield  of  potatoes  can  be 
increased,  on  the  average,  by  spraying  with  bordeaux  mixture.  The 
plan  is  to  continue  the  experiments  during  ten  consecutive  seasons 
and  take  the  average  increase  in  yield  as  the  index  of  the  value  of 
spraying  potatoes  in  New  York  State.  The  experiments  are  to  be 
conducted  in  two  localities ;  namely,  at  Geneva  and  Riverhead.  'l"wo 
methods  of  spraying  are  to  be  compared  as  to  their  efficiency:  Some 

■rows  are  sprayed  every  two  weeks  regularly  while  others  are 
sprayed  only  three  times  during  the  season.  At  each  place  the 
area  of  the  experiment  field  is  to  be  three-tenths  of  an  acre  each 
season.  The  rows  sprayed  every  two  weeks  alternate  with  those 
^^H'ayed  only  three  times  and  with  others  not  sprayed  at  all.  l''or 
{urther  details  see  Bulletins  221,  241'  and  264. 

Supplementary  to  the  above  experiments,  the  Station  has  ccm- 
ducted  a  series  of  business  experiments  similar  to  those  made  in 
1903  and  1904.*  Under  the  direction  of  the  Station,  fourteen 
farmers  in  different  parts  of  the  State  have  carried  on  experiments 
designed  to  determine  the  net  profit  in  spraying  potatoes  in  different 
ways  under  actual  farm  conditions. 

'For  a  detailed  account  of  the  business  experiments  in  1903  see  Bulletin 
341,  pages  267-283;  in  1904,  Bulletin  264,  pages  116-152.  1 ,  V  itHtV  iC 
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A  third  line  of  effort  has  been  the  collection  of  the  results  of 
numerous  volunteer  potato-spraying  experimsits  made  by  farmers. 
Fifty  such  experiments  are  reported  in  this  bulletin,  'ITic  most 
important  feature  of  these  experiments,  as  a  whole,  is  the  increase 
in  yield  due  to  spraying.  However,  several  of  them  cont^  other 
points  of  special  interest. 


SUMMARY    OF  RESULTS    OBTAINED    IN    TEN-YEAR  EXPERI- 
MENTS PRIOR  TO  1905: 
Tablk  I. — Yield  by  Sbribs  at  Gbnbva  in  IWB.i 


6IRIBB. 

Rows. 

Dates  of  spraying. 

Yield  per  act. 

1,4,  7  and  13 

2,  6.  8  and  14 

3,0.8«ndlB 

Bit.      Lbi. 

ft™  S|j"?o'H»  Aii;  ii:  ie  « a 

Tablb  II. — Yield  by  Series  at  Rivbbheao  in  1' 


Sekibg. 

Rows. 

Dates  of  spraying. 

v,.„.„.„ 

!:S:?::3!i::::::: 

3.  6,  9  and  12 

Bu.     Lbi. 

Table  III,— Yield  by 

Series  at  Geneva  in 

J  903. 

SmniBS. 

-       I 

Dates  of  Bprsying.* 

Yield  per  acn 

1,  4,  7.10  and  13.  ...1    luly 

i;l:S;IJ:SU::::  Is,' 

B*. 

i 

Lb,. 

\h 

"2KA"g.7."li^dSepi.-3 

!S 

*For  details  of  the  ten-year  experiments  in  igo2  see  Bulletin  321. 
'For  details  of  the  ten-year  experiments  in  1903  see  Bulletin  241. 
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Table  IV. — Yibld  by  Sbribs  at  Rivbbhbad  ii 


s.™. 

K.W.. 

Date*  of  tprayim. 

Yiddp 

wac« 

fe-i 

i  iiliSij;:::;;; 

B 

6,  July  23  and  Aug.  7 

S.i*.  July7.  23«ndAu8.  7.. 
spraynd  

Bit. 

Lif. 

ii 

Table  V. — Yibld  by  Series  at  Gbmeva  in  190-1 


Saain. 

Rows. 

Dat«of.p 

aying. 

YMdp«racra 

l,i.7,  10  and  13 

2.  S,  S,  Hand  14 

3,0.».12andl5.... 

£'.£€d^'^"^' 

dt-    "& 

Tablb  VI. — Yield  by  Series  at  Rivbrhgad  in  1904. 


3,  S,  Sand  12.  . 


Tuns  14,  July  21  and  Aug.  0 
Jim*  14.  27.  July  11.  2SrAu8 


Gain  dM  to  tproyint  lift  timts,  G6t  im.  ptr  acri. 
Gain,diit  la  iproying  lis  limit,  Wi  ni.  pir  acn. 

DETAILS  OF  THE  TEN- YEAR  EXPERIMENTS  IN  1905. 

SOIL,   PLANTING,   CULTIVATION,  ETC. 

At  Geneva. — The  plat  of  land  used  was  the  same  as  that  used 
for  this  experiment  in  1903.  It  was  a  heavy  clay  loam  containing 
some  gravel.  The  surface  drainage  was  good.  During  the  season 
of  1904  it  was  seeded  with  red  clover.  The  seed  potatoes  were 
of  the  variety  Rural  New  Yixker  No.  2  selected  from  sprayed 
rows  in  the  experiment  of  1904.  They  were  planted  May  16  in 
rows  three  feet  apart  and  with  the  hills  15  inches  apart  in  the  row. 
The  cultivation  was  barely  sufficient  to  keep  down  weeds.  No 
doubt,  considerably  larger  yields  would  have  been  obtained  if  the 
plants  had  received  the  proper  amount  of  cultivation. 

At  Riverhead. — The  land  used  at  Riverhead  was  a  level  plat  of 
sandy  loam  on  the  farm  of  Mr.  G.  F.  Downs.  The  soil  was  of' 
better  quality  and  less  sandy  than  that  used  for  the  experiment  in 

'For  deUils  of  the  ten-year  experiments  in  1904  see  Bulletin  364.  it>(.>olc 
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fonner  years  and  more  nearly  representative  of  the  soil  of  eastern 
Long  Island.  In  1904  the  land  grew  cauliflower.  The  seed  pota- 
toes were  of  the  variety  Green  Mountain  planted  by  hand,  April  25 
and  26,  in  rows  three  feet  apart  with  the  hills  15  inches  apart  in 
the  row.  The  plants  were  given  good  cultivation  throughout  the 
season. 

PREPARATION   AND  APPLICATION  OF  THE  BORDEAUX   MIXTURE. 

Both  at  Geneva  and  at  Riverhead  the  bordeaux  mixture  used 
was  approximately  of  the  i-to-8  formula  and  applied  very  thor- 
oughly with  a  knapsack  sprayer  as  in  fonner  years. 

DATES  OF  SPRAYING. 

At  Geneva:  Series  I. — The  rows  of  this  series,  i,  4,  7,  10  and 
13,  were  sprayed  three  times  with  bordeaux  mixture  —  July  3, 
August  7  and  25.  At  the  time  of  the  first  spraying  the  plants 
averaged  about  one  foot  in  height.  Some  hills  were  badly  infested 
with  bugs,  but  the  majority  of  the  plants  were  yet  uninjured.  Paris 
green  was  applied  with  the  bordeaux  at  the  rate  of  one-half  pound 
to  fifty  gall<ms.  This  application  was  so  effective  in  ridding  the 
plants  of  bugs  that  it  was  unnecessary  to  use  poison  again.  .  Con- 
sequently, the  second  and  third  sprayings  were  made  with  bordeaux 
alone  at  such  times  as  seemed  best  for  the  control  of  blight. 

Series  II. — ^This  series  consisted  of  rows  2,  S,  8,  11  and  14.  The 
plants  were  sprayed  with  bordeaux  mixture  five  times  —  June  29, 
July  13  and  27,  and  August  12  and  24.  At  the  time  of  the  first 
spraying  the  plants  were  7  to  10  inches  high.  The  bugs  were  just 
commendng  to  hatch,  so  paris  green  was  used  with  the  bordeaux 
at  the  rate  of  one-half  potmd  to  fifty  gallons.  On  July  13  when  the 
second  spraying  was  made  it  was  necessary  to  use  poison  a  second 
time.  There  were  then  more  bugs  on  this  series  than  on  either 
series  I  or  III.  Evidently,  the  first  application  of  poison  was  made 
a  littie  too  early  for  the  best  results  on  bugs.  No  poison  was  used 
in  the  last  three  sprayings. 

Series  III. — Series  III  consisted  of  rows  3,  6,  9,  12  and  15.  It 
was  the  intention  not  to  use  any  bordeaux  on  these  rows,  but  row 
3  was  accidentally  sprayed  once  with  bordeaux  on  August  24.    The 
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plants  on  this  series  were  kept  free  from  bugs  by  three  applica- 
tiois  of  paris  green  in  lime  water  (one-half  pound  to  fifty  gallons) 
made  July  3,  13  and  August  12, 

At  Riverhead:  Series  I. — ^This  scries  consisted  of  five  rows — Nos. 
I,  4,  7,  10  and  13,  which  were  sprayed  with  bordeaux  mixture 
three  times;  namely,  on  June  14,  July  18  and  August  11.  Paris 
green,  at  the  rate  of  one  pound  per  acre,  was  applied  three  .times. 
The  first  application  was  made  with  bordeaux  mixture  in  the  first 
spraying  of  June  14  and  the  other  two  in  lime  water  on  June  30 
and  July  14. 

Series  II. — This  series  consisted  of  five  rows — Nos.  3,  5,  8,  ir 
and  14.  They  were  sprayed  with  bordeaux  mixture  five  times; 
namely,  on  June  14,  30,  July  14,  28  and  August  11.  Paris  green 
was  used  only  in  the  first  two  sprayings  at  the  rate  of  one  pound 
per  acre. 

Series  III. — Series  III  consisted  of  five  rows — ^Nos.  3,  6,  9,  12 
and  15.  These  rows  received  no  bordeaux.  Paris  green  in  lime 
water  was  applied  three  times  (June  14,  30  and  July  14)  at  the 
rate  of  one  pound  per  acre. 

RESULTS  OF  THE  TEN-YEAR  EXPERIMENTS  IN  1905. 

AS  SHOWN  BY  THE  aiNDITION  OF  THE  FOUAGE. 

At  Geneva. — When  the  plants  were  3  to  6  inches  h^h  they  were 
slightly  injured  by  flea  beetles  before  spra3ring  was  commenced. 
Later,  about  August  i,  the  beetles  again  appeared  m  larger  numbers 
and  during  the  next  month  injured  the  unsprayed  rows  of  Series 
in  considerably.  The  plants  of  Series  II,  on  the  contrary,  were 
scarcely  affected,  showing  very  plainly  the  beneficiM  influence  of 
bordeatix  in  controlling  the  flea  beetle.  On  Series  I,  where  the 
spraying  was  less  thorough,  they  caused  some  damage. 

Early  in  August  tip-burn  began  to  appear  on  the  unsprayed  rows 
and  c(»itinued  to  increase  until  it  became  quite  prominent.  Strange 
to  say,  the  sprayed  rows  were  almost  entirely  free  from  it.  Tip- 
bum  is  a  physiological  disorder  and  it  is  difficult  to  explain  why 
spraying  should  prevent  it.  Possibly  the  unsprayed  rows  suffered 
more  because  they  had  been  more  injured  by  flea  beetles. 
Early  blight,  Alternaria  solant,  was  almost  entirely  absent. 
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Late  blight,  Phytophthora  infestans,  was  first  found  on  the  un- 
sprayed  rows  August  12.  It  spread  slowly.  In  fact  we  regarded 
this  as  a  rather  mild  attack.  However,  as  a  result  of  the  com- 
bined attack  of  fiea  beetles,  tip-bum  and  late  blight  the  unsprayed 
rows  (excepting  row  3)  died  fully  two  weeks  earlier  than  the 
sprayed  rows  of  Series  I  and  il.  Row  3,  having  been  sprayed  once 
by  mistake,  remained  green  a  few  days  longer.  The  contrast  in 
appearance  between  the  sprayed  and  unsprayed  rows  was  very 
marked  but  not  as  striking  as  in  1904.  It  was  probably  greatest 
about  September  21,  at  the  time  the  photograph  shown  in  Plate  I 
was  taken.  Between  Series  I,  sprayed  only  three  times,  and  Series 
II,  sprayed  five  times,  there  was  no  apparent  difference  in  foliage. 
On  September  26  each  series  still  retained  somewhat  less  than  one- 
half  of  its  foliage.  By  October  3  practically  all  of  the  plants  were 
dead. 

•  At  Riverhead. — In  the  experiment  at  Riverhead  late  blight  did 
no  damage  whatever,  not  even  to  the  unsprayed  rows.  Flea  beetles 
and  early  blight  were  the  chief  enemies  fought.  According  to  their 
usual  habit,  flea  beetles  appeared  while  the  plants  were  small,  about 
June  10,  and  again,  in  hordes,  when  the  plants  were  full  grown 
about  the  middle  of  July,  On  July  29  there  was  a  marked  differ- 
ence between  the  foliage  on  Series  II  and  that  on  Series  I  and  III. 
Series  I  and  III  were  severely  injured  by  flea  beetles,  but  thorough 
spraying  had  prevented  most  of  the  injury  on  Series  II.  Here 
.again,  the  value  of  bordeaux  mixture  as  a  remedy  for  the  flea 
beetle  was  clearly  shown. 

Early  blight  appeared  about  August  i.  It  did  some  dam:^  to 
Series  II,  but  considerably  more  to  Series  I  and  III,  Unlike  the 
experiment  at  Geneva,  we  had  here  much  better  foliage  on  Series 
II,  sprayed  five  times,  than  on  Series  I,  sprayed  three  times. 

AS   SHOWN    BY   THE   YIELD. 

At  Geneva. — ^The  potatoes  were  dug  by  hand  October  21.  At 
this  time  the  unsprayed  plants  had  been  dead  over  a  month  and  the 
sprayed  plants  about  18  days. 

The  product  of  each  row  was  carefully  sorted  into  three  grades 
— marketable,  rotten  and  culls.  According  to  our  usual  method, 
all  sound  tubers  larger  than  a  hen's  egg  were  graded  as  market- 
able. 
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Table  VII. — YiRiDS  in  thb  Expbriubnt  at  Gbnbta. 
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Comments  on  the  table. — (i)  In  Sections  A  and  C  the  three- 
sprayed  row  outyielded  the  five-sprayed  row.  The  reason  for  this 
is  imknown  but  it  is  certainly  not  due  to  the  spraying, 

(2)  In  every  section  both  of  the  sprayed  rows  greatly  outJ^eIde^ 
the  unsprayed  row. 

(3)  In  different  sections  the  yields  of  rows  treated  in  the  same 
way  varied  considerably.  This  has  happened  also  in  all  three  of  the 
previous  experiments.  It  can  not  be  avoided.  Confideiice  is  to 
be  placed  only  in  averages. 

(4)  Leaving  Section  A  out  of  consideration  (because  of  the 
error  on  Row  3)  there  were  fewer  culls  on  the  unsprayed  than  on 
the  sprayed  rows.  On  the  unsprayed  rows  the  average  yield  of 
culls  was  30  bu,  25  lbs,  per  acre  while  on  both  of  the  sprayed 
series  the  average  was  35  bu.  25  lbs.  per  acre.  This  is  somewhat 
unusual.  As  a  rule  there  are  more  culls  on  the  unsprayed  rows. 
In  the  fen-year  experiment  at  Geneva  in  1904  there  were  more  than 
twice  as  many  culls  on  the  unsprayed  rows  as  on  the  sprayed. 

Yield  by  series. — The  four  rows  sprayed  three  times  constitute 
Series  I  and  the  average  yield  of  these  four  rows  makes  the  yield 
of  Scries  I.    The  yields  given  for  Series  II  and  III  have  been  com- 
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puted  in  the  same  manner.     The  yield  by  series  is  shown  in  the 
following  table:  i 

Tablb  VIII. — YiBLD  BY  Seriks  at  Gbnbva. 
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•  The  rows  of  Section  A  (Noi.  1.  2  and  3)  have  been  omitUd  because  of  aiior, 
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This  year  the  difference  in  yield  between  Series  I,  s{»-ayed  three 
times,  and  Series  II,  sprayed  five  times,  was  less  than  erer  before, 
being  only  I2j4  bushels  per  acre.  Considering  that  there  was  no 
apparent  difference  in  the  foliage  no  marked  difference  in  yield  was 
to  be  expected. 

Loss  from  rot. — The  loss  from  rot  was  greater  than  in  any  of 
the  preceding  experiments.  Owing  to  the  fact  that  some  of  the 
affected  tubers  were  in  an  advanced  stage  of  decay  it  was  impossible 
to  determine  accui'ately  the  loss  from  rot,  but  on  each  row  the 
approximate  weight  of  rotten  tubers  was  ascertained.  It  was  found 
that  on  Series  I,  sprayed  three  times,  the  loss  from  rot  was  at  the 
rate  of  6  bu.  40  lbs.  per  acre;  on  Series  II,  sprayed  five 
times,  6  bu.  15  lbs.  per  acre;  while  on  Series  III,  not  sprayed, 
it  was  47  bu.  30  lbs.  per  acre.  In  other  words  spraying 
reduced  the  loss  from  rot  by  41  bushels  per  acre.  Such 
was  the '  situation  at  digging  time.  It  sometimes  happens  that 
potatoes  apparently  sound  at  dig^g  time  subsequently  decay  in 
storage.  This  happened  in  the  ten-year  experiment  at  Geneva  in 
1904.  (See  foot  note  on  page  112  of  Bulletin  264).  .In  order  to 
4etermine  the  extent  of  such  loss  in  the  1905  experiment  the  tubers 
from  each  of  three  rows  (Rows  8,  9  and  10)  were  stored  in  crates 
in  a  good  cellar  from  October  21  until  December  g  and  then  ex- 
amined. In  the  four  and  one-half  bushels  of  tubers  from  Row  S 
there  were  only  two  affected  tubers;  in  two  and  one-half  bu^els 
from  Row  9  there  were  also  Iwo  affected  tubers  while  in  the  four 
and  one-half  bushels  from  Row  10  not  a  single  tuber  showed  signs 
«f  rot.  The  potatoes  were  not  sorted  more  carefully  at  diggitig 
time  in  1905  than  in  1904.  Our  opinion  is  that  in  1904  the  potatoes 
were  dug  too  soon  after  the  tops  died. 
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spraying  rfduced  the  Idu  from  rot  bjr  4  bu.  per  «cre. 

Plate  II.— Product  in  Ten-Year  Experiment  at  Geneva.''^'*-^3 
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At  Rk'crhead. — In  the  experiment  at  Riveriieaii  tlie  potatoes 
were  rtug  on  September  i6  and  sorted  into  two  g:ratles,  marketable 
tubers  and  culls,  in  the  same  manner  as  at  Geneva. 

TaBLB  IX. YlBU>S  IN  THE  EXPSRIUBMT  AT  RiVBRHGAD. 
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Comments  on  the  table. — As  in  previous  years,  the  gain  from 
spraying  in  this  experiment  was  smaller  than  in  the  experiment  at 
Geneva.  On  the  average,  five  sprayings  gave  markedly  better  re- 
sults than  three  sprayings.  In  each  section  both  of  the  sprayed 
rows  outyielded  the  unsprayed  row  and  the  row  sprayed  five  times 
outyielded  the  row  sprayed  three  times. 

Table  X. — Yibld  Br  Sbribs  at  Rivbbbead. 
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Loss  from  rot. — There  was  no  trace  of  rot  in  this  experiment, 
not  even  on  the  unsfa-ayed  rows. 
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FARMERS"    BUSINESS    EXPERIMENTS. 

OBJECT  OF  THE  EXPERIMENTS, 

Many  farmers  question  die  reliability  of  the  results  obtained  in 
experiments  like  the  Station  ten-year  experiments  described  in  this 
bulletin.  They  doubt  that  such  results  can  be  obtained  in  ordinary 
farm  practice.  The  common  objections  to  the  experiments  are: 
(i)  They  are  on  too  small  a  scale  (three-tenths  of  an  acre);  (2) 
the  spraying  is  done  more  thoroughly  than  fanners  would  do  it ; 
{3)  it  is  difficult  to  determine  accurately  the  expense  of  the  spray- 
ing; {4)  the  idea  is  prevalent  that  the  Station  potatoes  are  given 
extra  good  care  in  order  that  large  yields  may  be  obtained."* 

To  satisfy  this  demand  for  experiments  of  a  more  practical  kind 
the  Station  decided  to  conduct  a  series  of  farmers'  business  experi- 
ments so  managed  as  to  show  the  actual  profit  in  spraying  potatoes 
under  farm  conditions.  This  work  was  commenced  in  1903  with 
six  experiments."  In  1904,  fourteen  such  experiments  were  made 
and  in  1905  the  same  number.  The  results  have  been  of  such  gen- 
eral interest,  that  it  has  been  decided  to  make  several  of  these  busi- 
ness expriments  each  season  during  the  remaining  six  years  in 
which  the  potato  spraying  experiments  are  to  be  continued. 

METHODS. 
The  methods  employed  have  been  essentially  the  same  as  in  pre- 
vious years.  In  the  spring  of  1905  the  Station  arranged  with 
fourteen  farmers  in  different  parts  of  the  State  to  keep  an  account 
of  their  spraying  operations  on  potatoes.  An  accurate  record  was 
kept  of  all  the  expense  of  the  spraying  including  labor,  chemicals 
and  wear  of  machinery.  In  each  experiment  strips  of  three  to 
seven  rows  were  left  unsprayed  for  comparison.  These  rows  re- 
ceived no  bordeaux  mixture  but  were  treated  with  poison  to  pro- 
tect the  plants  from  bugs.  In  four  of  the  experiments  there  was 
but  a  single  unsprayed  strip;  in  nine  experiments  there  were  two 
unsprayed  strips ;  and  in  one  experiment  there  were  three  of  the  un- 
sprayed strips.     Hence,  so  far  as  concerns  the  increase  in  yield 

*  For  a  discussion  of  these  objections  see  Bulletin  221,  pages  257--261. 

"  Details  of  the  business  experiments  in  igo3  were  published  in  Bulletin 
241,  pp.  367-3S2;  and  those  of  the  experiments  in  1904  in  Bulletin  364, 
pp.  116-152. 
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due  to  spraying,  these  fourteen  ex|>erinieiits  really  included  23 
separate  tests.  All  work  connected  with  the  spraying  was  done  by 
the  farmers  tliemselves  in  such  manner  as  ihey  deemed  best. 

In  the  fall,  the  tubers  on  one  or  more  of  the  unsprayed  rows 
were  carefully  weighed.  The  same  was  done  with  one  or  more 
sprayed  rows  on  either  side.  In  this  manner  it  was  determined 
how  much  the  yield  had  been  increased  by  spraying.  In  all  except 
one  casCi  a  representative  of  the  Station  was  present  when  the  test 
rows  were  dug  and  assisted  with  the  weighing.  The  length  and 
width  of  the  rows  were  carefully  measured,  the  Station  representa- 
tive assisting  with  this,  also.  Accordingly  we  can  vouch  for  the 
accuracy  of  the  yields  reported. 

It  was  our  intention  to  visit  each  of  the  experiments  two  or 
three  times  during  the  spraying  season  for  the  purpose  of  taking 
notes,  but  this  was  found  impracticable  for  the  three  experiments 
in  the  northern  part  of  the  State.  On  this  account  there  is  a  re- 
grettable lack  of  informatitm  concerning  the  prevalence  of  blight 
and  insects  in  some  of  the  experiments. 

The  experiment  fields  varied  in  size  from  six  to  twenty-one 
acres,  the  total  acreage  of  the  fourteen  experiments  being  166^ 
acres.  As  far  as  practicable  they  were  placed  in  localities  where 
the  potato  is  a  leading  farm  crop.  In  eleven  of  the  experiments 
the  test  rows  were  in  plain  view  from  a  public  road  so  that  the  re- 
sults could  be  seen  by  passersby. 

The  method  of  spraying  in  the  Hebron  experiment  was  one  we 
call  the  two-hose-and-three-men  method.  In  the  other  thirteen  ex- 
periments the  spraying  was  done  with  horse  sprayers  of  several 
different  kinds  covering  three  to  seven  rows  at  each  passage.'^ 

**  Nothing:  is  said  in  this  bulletin  concerning  the  relative  merits  of  dif- 
ferent potato  sprayers.  It  has  been  our  aim  to  have  the  leading  potato 
sprayers  represented  in  the  experiments,  but  this  is  not  a  comparative  test 
of  spraying  machinery.  The  larger  gain  or  larger  net  profit  obtained  in  some 
experiments  than  in  others  is  not  necessarily  due  to  a  difference  in  the  kind 
of  sprayer  used.  It  is  impossible  to  make  close  comparisons  because  the 
conditions  in  the  different  experiments  vary  greatly.  The  Station  is  obliged 
to  decline  to  answer  the  question.  Which  is  the  best  potato  sprayer?  We  can 
only  say  that  there  are  now  upon  the  market  several  good,  practical  potato 
sprayers.  The  excellent  results  obtained  in  the  business  experiments  during 
the  past  three  years  are  proof  of  this. 
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the  gowanda  expekiuent. 

This  experiment  was  made  by  E.  T.  Ryder,  Gowanda,  Catta- 
raugus county.  Ten  acres  of  potatoes,  variety  Rural  New  York 
No.  2,  were  sprayed  with  bordeaux  and  paris  green  four  times  on 
the  following  dates :  June  28  and  29,  July  7  and  8,  July  14  and  15 
and  August  2  and  3.  The  spraying  outfit  used  consisted  o£  a  one- 
horse,  home-made,  two-wheeled  cart  carrying  a  Spranioior  barrel 
spray  pump  and  a  Spramotor  potato  spraying  attachment  rigged  to 
cover  three  rows  at  a  time  with  four  nozzles  per  row.  (See  Plate 
III,  fig.  i).  The  pumping  was  done  by  the  driver.  Water  for 
making  the  bordeaux  was  conveniently  obtained  from  a  smalt 
stream  at  one  end  of  the  field. 

Six  rows  1150  feet  long  were  left  unsprayed.  These  rows  were 
treated  four  times  with  paris  green  in  water  applied  with  the 
sprayer  on  the  same  dates  that  bordeaux  and  paris  green  were  ap- 
plied to  the  sprayed  portion  of  the  field.  Bugs  were  kept  well  under 
control  on  the  sprayed  and  unsprayed  rows  alike. 

The  items  of  expense  of  spraying  the  ten  acres  four  times  were 
as  follows: 
216      lbs.  copper  sulphate  @  isViC 

iVi  bbl.  lime  @  $1 

4^  gals,  stock  solution  of  arsenite  of  soda  @  i6c .73 

14      lbs.  paris  green  (§i  2SC 

80      hrs.  labor  (or  man  @  isc 

40      hrs.  labor  for  horse  @  7}4c 

Wear  on  spraying  outfit 


Total $37.60 

The  total  cost, of  spraying  was  $3.76  per  acre  or  94  cents  per  acre 
for  each  application. 

As  late  as  July  28  there  was  no  apparent  difEerence  between 
the  sprayed  and  unsprayed  rows.  During  August  late  blight 
attacked  the  unsprayed  rows  causing  considerable  damage. 
Before  the  plants  were  killed  by  frost,  on  September  14,  there 
was  a  marked  contrast  between  the  sprayed  and  unsprayed  rows. 

The  test  rows  were  dug  and  weighed  October  6.  Owing  to  lack 
of  time  only  500  feet  of  the  rows  was  dug.  The  rows  used  for 
comparison  were  one  of  the  middle  two  unsprayed  rows,  the  second 
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sprayed  row  on  one  side  and  the  first  sprayed  row  on  the  other 
side.     The  yields  were  as  follows : 

Second  sprayed  row  on  the  west,  326  lbs,  marketable  tubers. 

First  sprayed  row  on  the  east,"  igS  lbs.  marketable  tuben. 

Average  of  two  sprayed  rows,  261  lbs.  marketable  tubers. 

One  of  the  middle  two  unsprayed  rows,  i6g  lbs.  marketable  tubers. 

yield,  sprayed,  /jj  bv.  46  lbs.  marketable  tubers  per  acre. 

yield,  UHSprayed,  S7  bu.  j/  lbs.  marketable  tubers  per  acre. 

Gain,  46  bu.  g  lbs.  marketable  tubers  per  acre. 

Spraying  increased  the  yield  at  the  rate  of  52,5  per  ct. 

The  yield  of  small  potatoes  or  culls  was  at  the  rate  of  59  bu. 
58  lbs,  per  acre  for  the  sprayed  and  52  bu.  17  lbs.  per  acre  for 
the  unsprayed,  making  a  difference  of  7  bu.  41  lbs.  per  acre  in 
favor  of  the  sprayed.  Usually  the  greater  yield  of  culls  is  on  the 
unsprayed  rows. 

There  was  no  loss  from  rot  either  on  the  sprayed  or  on  the  un- 
sprayed rows. 

At  60  cents  per  bushel,  the  market  price  of  potatoes  in  Gowanda 
at  di^ng  time,  46  bu.  9  lbs,  of  potatoes  would  be  worth  $27.69. 
Substracting  $3.76,  the  cost  of  spraying  per  acre,  we  have  left  a 
net  profit  of  $23.93  f  ^  <"■''^■ 

THE    GAINESVILLE    EXPERIMENT, 

This  experiment  was  made  by  Brainerd  &  Beaumont,  Gaines- 
ville, Wyoming  county,  who  conducted  a  similar  experiment  for 
the  Station  in  1904.  A  field  of  sixteen  acres  (variety.  Sir  Walter 
Raleigh  and  Carman  No.  3  mixed)  was  sprayed  seven  times  on 
the  following  dates:  June  29-30,  July  7-8,  July  14-15,  August  2, 
10,  16  and  26.  The  sprayer  used  was  the  "Aroostook"  power 
sprayer  covering  5  rows  at  each  passage.**  Poison  (arsenite  of 
soda)  was  used  with  the  bordeaux  in  the  first  five  sprayii^. 

Five  rows  240  feet  long  were  left  unsprayed.  Althou^  parJs 
green  was  applied  to  these  rows  on  the  same  dates  that  poison  was 
used  on  the  sprayed  rows  and  twice  more,  between  times,  bugs 
caused  slightly  more  damage  here  than  on  the  sprayed  rows.     It 

'"  As  a  general  rule  the  second  rather  than  the  first  sprayed  row  should  be 
used,  but  it  was  not  possible  in  this  case  as  the  second  sprayed  row  had  been 
dug  previously  by  mistake. 

"For  an  illustration  of  the  sprajcr  used  in  Ibc  Gainesville  experiment  see 
Bulletin  364,  Plate  VII,  fig-  i- 
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is  unquestionably  true  that  bugs  are  more  easily  controlled  when 
the  poison  is  used  with  bordeaux. 

The  expense  account  included  the  following  items : 

?48  lbs.  copper  sulphate  @  5  4-5C $43' 

58o    "    lime  @  3-4C 

58         white  arsenic  @  4  2-3C 

ii8    "    sal  soda  @  ic 

112  hrs.  labor  for  man  @  150 

79    "    labor  for  team  @  15c 

Wear  on  sprayer 


Total  . 


The  total  cost  of  spraying  was  $541  per  acre  or  77^^  cents  per 
acre  for  each  application. 

Mr.  Brainerd  reports  that  up  to  August  7  there  were  no  signs 
of  late  blight.  By  August  16  the  unsprayed  rows  were  considerably 
blighted  and  there  were  traces  of  the  disease  on  the  sprayed  rows 
also.  The  unsprayed  rows  were  practically  dead  by  September  i 
while  the  sprayed  rows  remained  green  until  frost  which  occurred 
on  the  night  of  September  13.  JTr.  Brainerd  holds  that  the  actual 
benefit  from  spraying  is  greater  than  experiments  of  this  kind  show. 
Small  quantities  of  spray  drift  onto  the  unsprayed  rows  and  fur- 
nish some  protection  against  blight,  so  that  they  remain  green  longer 
than  the  unsprayed  fields  in  the  same  locality.  According  to  our 
observations  this  is  usually  the  case  and  we  believe  that  Mr 
Brainerd's  opinion  is  a  correct  one. 

The  test  rows  were  dug  and  weighed  on  October  4  with  the 
following  results : 

Second  sprayed  row  on  Ihe  west,  zi?  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  east,  Z17  lbs.  maketable  tubers. 
Averafje  for  the  two  sprayed  rows,  217  lbs.  marketable  tubers. 
Middle  unsprayed  row,  151  lbs.  marketable  tubers. 
yield,  sprayed,  Z3$  hu.  z  lbs.  varketable  tubers  per  acre. 
Yield,  unsprayed,  IjiT  bu.  40  lbs.  marketable  tubers  per  acre. 
Cain,  67  bu.  zz  lbs.  marketable  tubers  per  at  re. 

Spraying  increase<l  tJie  yield  of  marketable  tubers  42.7  i»er  ct. 

The  yiel<l  of  culls  was  24  bu.  22  lbs.  per  acre  for  the  sprayed  and 
43  bu.  33  lbs.  per  acre  for  ihe  unsprayed  making  a  difference  of 
to  bu.  n  lbs.  per  acre  in  favor  of  the  unspraye<l. 

There  was  practically  iin  in,';s  from  rot  cither  on  the  sprayed  or 
the  unsprayed. 
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On  the  date  of  digging  the  test  rows  the  market  price  of  potatoes 
in  Gainesville  was  43  cents  per  bushel  of  62  pounds.  At  this  price 
the  value  of  the  increase  would  be  $28.04  P"  ace.  Subtracting 
from  this  $5.41,  the  cost  of  spraying,  we  have  left  a  net  profit  of 
$22.63  P^^  acre.  However,  the  actual  profit  in  this  experiment  was 
considerably  greater  than  this.  Most  of  the  crop  was  stored  and 
afterward  sold  at  58  cents  per  bushel  and  upward, 

the  arkport  experiment. 

Conducted  by  Taylor  Bros.,  Arkport,  Steuben  county.  These 
gentlemen  are  extensive  potato  growers,  growing  and  spraying  55 
acres  of  potatoes  in  1905.  However,  the  experiment  here  described 
was  confined  to  one  field  of  six  acres.  The  variety  was  Sir  Walter 
Raleigh.  The  potatoes  were  sprayed  four  times  —  July  i,  6,  10 
and  25.  The  machine  used  was  a  one-horse,  Aspinwall  power 
potato  sprayer  carrying  eight  nozzles  and  covering  four  rows  at 
each  passage.  Bugs  being  exceedingly  troublesome,  paris  green 
was  used  with  the  bordeaux  in  all  five  sprayings  at  the  rate  of  one 
pound  per  acre. 

Three  unsprayed  rows  1450  feet  long  were  left  as  a  check.  These 
were  treated  with  paris  green  as  many  times  and  on  the  same  dates 
as  the  sprayed  rows,  but  they  were  slightly  more  damaged  by  bugs 
than  were  the  sprayed  rows.  Taylor  Bros,  state  that  bugs  were  un- 
usually difficult  to  control.  They  found  the  paris  green  more 
effective  when  used  with  bordeaux  than  when  used  alone. 

The  expense  of  spraying  six  acres  four  times  was  as  follows: 

144  lbs.  copper  sulphate  @  Gj^c $9-36 

144    "     lime   @   ViC ,?a 

26    "    paris  green  @  20c S.ao 

■2a  hrs.  labor  for  man  and  horse  @  30c 6. 00 

Wear  on  sprayer 2.40 

Total $23,68 

Tlie  total  cost  of  spraying  was  $3.95  per  acre  or  98J/S  cents  per 
acre  for  each  application.  However,  when  it  is  considered  that  four 
applications  of  paris  green  for  bugs  would  have  been  required  any- 
way it  will  be  seen  that  the  actual  extra  expense  of  the  spraying 
for  blight  was  only  the  cost  of  the  copper  sulphate  which  was 
$t).36  or  $1.56  per  acre. 
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Up  to  August  I  there  was  not  even  a  irate  of  late  blight  in  the 
experiment  field.  At  that  time  there  was  no  difference  between  the 
sprayed  and  unsprayed  rows  except  that  the  latter  seemed  to  have 
been  slightly  more  injured  by  bugs.  We  did  not  see  the  experi- 
ment after  August  i  and  have  no  definite  information  as  to  the 
cause  of  the  increased  yield  on  the  sprayed  rows. 

The  potatoes  having  been  planted  early,  matured  early.    The  test 
rows  were  dug  September  7.     They  were  sorted  and  weighed  by 
Mr.  S.  H.  Cridler  of  Arkport,  no  representative  of  the  Station 
being  present.     The  yields  were  as  follows: 
Second  sprayed  row  on  the  west,  882  lbs.  marketable  tubers. 
Middle  unsprayed  row,  674  lbs.  marketable  tubers. 
Yield,  sprayed,  147  6«.  marketable  tubers  per  acre. 
Yield,  unsprayed,  m  hu.  zo  lbs.  marketable  tubers  per  acre. 
Gain,  34  bu.  40  lbs.  marketable  tubers  per  acre. 

Spraying  increased  the  yield  of  marketable  tubers  30.8  per  ct. 

No  record  was  kept  of  the  yield  of  culls.     There  was  no  rot. 

On  October  12  the  market  price  of  potatoes  in  Arkport  was  50 
cents  per  bushel.  At  this  price,  34^  bushels  of  potatoes  would 
be  worth  $17.33.  Subtracting  $3.95,  the  cost  of  spraying,  we  have 
left  a  net  profit  of  $13.39  P^*"  "'^^^■ 

Owing  to  early  planting,  the  potatoes  must  have  been  nearly 
mature  before  blight  became  epidemic.  This  probably  explains  the 
small  gain  in  this  experiment. 

THE  ATLANTA    EXPERIMENT. 

Conducted  by  T.  S.  Darling,  Atlanta,  Steuben  county.  As  this 
experiment  covered  two  fields  of  four  acres  each,  of  different 
varieties  and  planted  at  different  times  it  was  thought  best  to  leave 
an  unsprayed  strip  in  each  field.  The  spraying  in  both  fields  was 
done  with  a  "  Watson  "  one-horse,  four-row  power  sprayer.  In  the 
earlier  sprayings,  only  one  nozzle  was  used  while  in  the  later 
sprayings  two  nozzles  per  row  were  used.  We  believe  this  a  goocl 
practice.  Water  for  making  the  bordeaux  was  hauled  to  the  field 
in  barrels  on  a  wagon  a  distance  of  about  one-half  mile,  A  separate 
account  was  kept  with  each  field. 

Fieid  No.  I. — This  field  contained  four  acres  of  the  variety  Car- 
man No.  I.  It  was  sprayed  four  times  —  July  7,  20,  August  i 
and  14.    One  nozzle  per  row  was  used  in  the  first  three  sprayings 
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anil  Iwo  noKzlcs  per  row  in  ilic  lasi  one.     In  ilic  first  three  spray- 
ings paris  green  wa^  applied  wiih  tlie  borJeaiix. 

Three  rows  335  feet  lung  were  left  unsprayed,    Paris  green  was 
applied  to  ll.ese  rows  frequently  so  that  bugs  did  not  injure  them. 
'riie  items  of  expense  were  as  follows : 

1 10      lbs.  copper  sulphate  @  jc $7-70 

115        '•    lime 1,45 

2}4    "    paris  green  @  aoc .50 

7J4    "    paris  green  @  25c 1 .88 

10^  hrs.  labor  for  man  and  horse  @  2Sc 2.63 

Wear  on  sprayer 2.00 

Total  $16.16 

The  total  cost  of  spraying  was  $4.04  per  acre  or  $1.01  per  acre 
for  each  application. 

The  test  rows  were  dug  and  weighed  on  September  agth,  a 
Station  representative  assisting  with  the  work. 

The  yields  were  as  follows: 
Second  sprayed  row  on  the  north,  133  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  south,  132  lbs.  marketable  tubers. 
Average  of  two  sprayed  rows,  132;^  lbs.  marketable  tubers. 
Middle  unsprayed  row,  71  lbs.  marketable  tubers. 
Yield,  sprayed,  107  6«.  33  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  $j  bu.  56  'lbs.  marketable  tubers  per  acre. 
Gain,  4^  bu.  39  lbs.  marketable  tubers  per  acre. 

Spraying  increased  the  yield  85.7  per  ct.  There  were  but  few 
rotten  tubers. 

The  yield  of  culls  was  9  bu,  15  lbs.  per  acre  for  the  sprayed  and 
33  bu.  44  lbs.  for  the  unsprayed,  making  a  difference  of  24  bu. 
29  lbs.  per  acre  in  favor  of  the  unsprayed.  Owing  to  the  pre- 
mature death  of  the  plants  on  the  unsprayed  rows  many  tubers 
failed  to  attain  marketable  size. 

At  50  cents  per  bushel  the  market  price  of  potatoes  in  Atlanta 
the  day  the  test  rows  were  dug,  the  value  of  the  increase  would  be 
$24.82.  Subtracting  $4.04,  the  cost  of  spraying,  we  have  left  a 
net  profit  of  $20.78  per  acre. 

Field  No.  2. — This  field  also  contained  four  acres  of  the  variety 
Sir  Walter  Raleigh  planted  several  days  later  than  Field  No,  1.  It 
was  sprayed  only  three  times  —  July  t8,  August  I  and  24.  One 
nozzle  per  row  was  used  in  the  first  two  sprayings  and  two  nozzles 
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per  row  in  the  last  one,  Paris  green  was  applied  with  thi:  bovlcanx 
only  in  the  first  two  sprayings, 

Tliree  rows  626  feet  long  were  left  imsprayeil.  Tlicsc  rows 
were  treated  with  paris  green  frequently  so  tiiat  bugs  did  110  liarm, 
but  in  one  application  the  plants  were  slightly  injured  by  llic  paris 
green. 

The  expense  of  the  spraying  was  as  follows: 

74  lbs.  copper  sulphate  (g!  7e $S-iS 

75  "    lime 1.00 

7       "    paris  green  @  250 1.75 

7J4  hrs.  labor  for  man  and  horse  ®  25c i  .88 

Wear  on   sprayer 3.00 

Total $11.81 

The  total  cost  of  spraying  was  $2.95  per  acre  or  98  cents  per 
acre  for  each  application. 

The  test  rows  were  dug  September  29  with  the  following  results: 
Second  sprayed  row  on  the  north,  226  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  south,  231  lbs.  marketable  tubers. 
Average  of  two  sprayed  rows,  228^  lbs.  marketable  tubers. 
Middle  unsprayed  row,  140  lbs.  marketable  tubers. 
Yitld,  sprayed,  99  bu.  56  lbs.  marketable  tubers  per  acre 
Yield,  unsprayed,  61  bu.  14  lbs.  marketable  tubers  per  acre. 
Gain,  38  bu.  41  lbs.  marketable  tubers  per  acre.'' 

In  this  experiment,  also,  there  was  practically  no  loss  from  rot. 
Spraying  increased  the  yield  of  marketable  tubers  63.2  per  ct. 

The  yield  of  culls  was  5  bu.  31  lbs.  per  acre  for, the  sprayed  and 
fourteen  bushels  for  the  unsprayed,  making  a  difference  of  8  bu. 
29  lbs.  per  acre  in  favor  of  the  unsprayed. 

At  50  cents  per  bushel  the  value  of  the  increase  in  this  e-^peri- 
ment  would  be  $19.35.  After  deducting  $2.95,  the  cost  of  spray- 
ing we  have  left  a  net  profit  of  $16.40  per  acre. 

Combining  the  results  obtained  in  the  two  fields  there  is  an 
average  gain  of  44  bu.  10  lbs.  per  acre  and  an  average  net  profil  of 
$18.59  P^'''  "f^'- 

The  gain  in  both  these  experiments  seems  to  have  been  due 
chiefly  to  protection  against  late  blight.  There  was  no  trace  of  the 
disease  in  either  experiment  on  August  i,  but  it  appeared  soon 
after  and  wrought  serious  injury   lo  the  unspraycii   rows.     Mr, 
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Darling  slates  tliat  tlio  sprayed  rows  lived  about  four  weeks  longer 
than  Ihe  unsprayed.     The  contrast  was  very  marked. 

THE    Si'KNCKKPORT    EXPERIMENT. 

This  experiment  was  made  by  F.  E.  Gott,  Spencerport,  Monroe 
county,  Mr.  Gott  conducted  a  similar  experiment  for  the  Station 
in  1904.  In  1905  the  experiment  fielJ  contained  fourteen  acres 
planted  with  three  different  varieties.  Owing  to  washing  out  and 
rotting  of  the  "  seed  "  in  several  places  the  crop  on  about  four 
acres  was  practically  worthless.  In  spraying  it  was  necessary  to 
drive  the  sprayer  over  nearly  the  whole  of  the  fourteen  acres,  but 
in  going  across  the  bare  areas  the  spray  was  shut  off.  This  makes 
it  difficult  to  determine  accurately  the  expense  of  the  spraying.  Mr, 
Gott  is  of  the  opinion  that  the  total  expense,  $24.40,  should  be  con- 
sidered as  being  the  result  of  spraying  ten  acres  three  times.  This 
Would  make  the  total  expense  per  acre  $2.44  or  81  cents  per  acre 
for  each  application.  The  items  are  as  follows: 
108  lbs,  copper  sulphate  @  6%c $6-75 


I  bbl.  lime  . 
48  hrs.  labor  for  man  @  15c.. 
24  "  labor  for  team  @  30c. . 
Wear  on  sprayer 


25 


Total $34,40 

The  spraying  outfit  was  the  same  one  used  in  the  1904  experi- 
ment ;  namely,  a  home-made,  two-horse  rig  spraying  three  rows  at 
a  time  with  one  nozzle  per  row.'*  Two  men  are  required  to  operate 
it  —  one  to  pump  and  one  to  drive.  The  dates  of  spraying  were 
August  7,  23,  25  and  September  6, 

Three  rows  664  feet  long  and  of  the  variety  White  Giant  were 
left  unsprayed. 

Before  spraying  was  commenced  one  application  of  paris  green 
was  made,  wherever  needed,  over  the  whole  field  including  the  un- 
sprayed rows.  Further  than  this  no  poison  was  required  either  on 
the  sprayed  or  the  unsprayed  rows. 

As  late  as  September  i  there  was  no  difference  between  the 
sprayed  and  unsprayed  rows,  but  by   September   15  there  was  a 

"  For  an  illustration  of  the  spraying  outfit  used  in  the  Spencerport  experi- 
ment see  Bulletin  264,  Plate  VII,  fie.  2.  I 
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marked  contrasl,  tlic  iinsprayec!  rows  being  practically  dead  wliile 
the  sprayed  rows  were  still  green.  On  September  23  the  lest  rows 
were  photographed  (See  Plate  \').  At  that  time  the  unsprayed 
rows  were  dead  and  the  stalks  of  the  plants  mostly  dry  while  the 
nearby  sprayed  rows  on  the  west  still  retained  one-third  to  one- 
half  their  foliage.  For  some  unexplained  reason  the  sprayed  rows 
on  the  east  side  of  the  unsprayed  strip  were  considerably  less  green 
than  those  on  the  west.  Still  there  was  much  contrast  as  is  plainly 
shown  in  the  photograph. 

Not  having  an  opportunity  to  examine  the  field  after  the  out- 
break of  blight  until  September  23  the  writers  are  in  doubt  as  to 
the  nature  of  the  disease  which  killed  the  unsprayed  rows.  Tip- 
burn  and  early  blight  were  certainly  factors  and  probably  late 
blight,  PhytopHthora  infestans,  also,  played  an  important  part 
although  there  was  little  evidence  of  it  on  the  plants  September  23. 

The  test  rows  were  dug  October  30  and  the  yields  found  to  be 
as  follows: 

Second  sprayed  row  on  (he  west,  468  lbs.  marketable  tubers. 
Srcond  sprayed  row  on  the  east,  njB  lbs.  marketable  tubers. 
Average  of  two   sprayed   rows,  373   lbs.   marketable  tubers. 
Middle  unsprayed  row,  227  lbs.  marketable  tubers. 
Yield,  spraytd,  135  bu.  S3  lbs.  marketable  tubers  fcr  acre. 
yield,  unspraytd,  Bs  bu.  42  lbs.  marketable  tubers  fer  acre. 
Gain,  S3  bu.  11  lbs.  marketable  tvbers  per  acre. 

Spraying  increased  tlie  yield  of  marketable  tubers  64.3  per  ct. 
There  was  no  rot  worth  mentioning  either  on  the  sprayed  or  im- 
sprayed  rows. 

The  yield  of  culls  was  at  the  rate  of  10  bu.  53  lbs.  per  acre  for 
the  sprayed  and  16  bu.  23  lbs,  per  acre  for  the  unsprayed  rows, 
making  a  difference  of  5J^  bushels  per  acre  in  favor  of  the  un- 
sprayed. 

Why  there  should  have  been  such  a  wide  difference  in  yield  be- 
tween the  two  sprayed  rows  is  not  known.  Mr.  Gott  states  (hat  so 
far  as  he  knows  the  two  rows  had  an  equal  chance  in  all  respects. 
Although  they  were  sprayed  alike  the  west  row  remained  green 
somewhat  the  longer. 

At  60  cents  per  bushel,  the  market  price  at  digging  time,  53  bu. 
II  lbs.  of  potatoes  would  be  wonli  $31.91,  Subtracting  $2.44,  the 
cost  of  spraying,  there  is  left  a  net  proUt  of  $29.47  P^^  acre.         . 
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As  the  bulk  of  the  crop  was  sold  within  a  short  time  after 
digging  at  an  average  price' of  about  70  cents  per  bushel,  the  actual 
net  profit  was  about  one-sixth  greater  than  is  shown  by  the  figures 
given  above. 

THE   CORTLAND   EXPERIMENT. 

This  experiment  was  made  hty-  Geo.  H.  Hyde,  Cortland,  N.  Y, 
It  included  six  acres  of  potatoes  in  two  fields.  Three  unsprayed 
rows  were  left  in  each  field.  The  spraying  was  done  with  a 
"  Watson  "  one-horse,  four-row  power  sprayer  like  the  one  used 
in  the  Atlanta  experiment.  Both  fields  were  sprayed  five  times, 
with  one  nozzle  per  row  in  the  first  three  sprayings  and  two  nozzles 
per  row  in  the  last  two.  The  bordeaux  used  in  the  first  three 
sprayings  contained  five  pounds  of  copper  sulphate  and  six  pounds 
of  lime  to  each  fifty  gallons  (5-6-50  formula)  while  that  used  in 
the  last  two  sprayings  was  of  the  6-6-50  formula.  In  both  fields 
paris  green  was  used  with  the  bordeaux  only  in  the  first  two  spray- 
ings. The  items  of  expense  for  spraying  six  acres  five  times  were 
as  follows: 

300  lbs.  copper  sulphate  @  6c 

I  bbl.  lime 

32  lbs.  paris  green  @  i8c 

as  hrs.  labor  for  man  @  ise 

20    "    labor  tor  horse  @  laj^c 

Wear  on  sprayer 


fiS 

00 

.V> 

go 

75 

50 

9-45 

Total $38.g6 

The  total  cost  of  spraying  was  $6.50  per  acre  or  $1.30  per  acre  for 
each  application. 

It  will  be  observed  that  the  cost  of  spraying  in  this  experiment  is 
considerably  higher  than  in  the  Atlanta  experiment  (page  137)  in 
which  the  same  kind  of  a  sprayer  was  used  and  nearly  the  same 
acreage  sprayed.  This  is  chiefly  owing  to  the  larger  quantity  of 
copper  sulphate  used  and  the  larger  allowance  for  wear  of  sprayer. 
■  Field  h'o.  1. — This  field  contained  four  acres  of  potatoes  of  the 
variety  World's  Superior,  planted  May  15.  The  dates  of  spraying 
were  July  7,  11,  27.  August  9  and  21.  Three  rows  439  feet  long 
were  left  unsprayed.  Paris  green  was  applied  to  these  rows  five 
times  —  three  times  with  a  powder  gim  and  twice  in  the  form  of 
spray — the  first  two  applications  being  made  on  July  7  and  11  the 
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same  dates  on  which  paris  green  was  used  with  the  bordeaux 
mixture  on  the  sprayed  rows. 

The  test  rows  were  dug  with  a  potato  digger  October  5,  The 
yields  were  as  follows: 

Second  sprayed  row  on  the  west,  4S8  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  east,  467  lbs.  marketable  tubers. 
AveraRC  of  two  sprayed  rows,  462^  lbs.  marketable  tubers. 
yield,  sprayed,  254  bu.  S5  lbs.  marketable  tubers  per  acre. 
Yield,  vnsprayed,  51  bu.  15  lbs.  marketable  tubers  per  acre. 
Gain,  M3  bu.  40  lbs.  marketable  tubers  per  acre. 

The  yield  of  culls  was  remarkably  small  being  only  4  bu.  58  lbs. 
per  acre  for  the  sprayed  and  9  bu.  55  lbs.  per  acre  for  the  un- 
sprayed. 

There  was  no  rot  whatever  in  this  field  either  on  the  sprayed  or 
unsprayed  rows.  The  crop  as  a  whole  was  an  unusually  satis- 
factory one.  The  tubers  were  uniformly  smooth,  clean,  of  good 
size  and  shape  and  perfectly  sound. 

Field  No.  2. — This  field  contained  two  acres  of  the  variety  Nor- 
cross,  planted  May  20.  The  dates  of  spraying  were  July  7,  11,  24, 
August  4  and  18.  Three  rows  831  feet  long  were  left  unsprayed. 
They  were  treated  five  times  with  paris  green  in  the  same  manner 
and  on  the  same  dates  as  the  unsprayed  rows  in  Field  No,  i.  The 
test  rows  were  dug  October  5  with  a  potato  digger.  The  yields 
were  as  follows; 

Second  sprayed  row  on  the  west,  604  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  east,  640  lbs,  marketable  tubers. 
Average  of  two  sprayed  rows,  626^  lbs.  marketable  tubers. 
Middle  unsprayed  row,   138  lbs.  marketable  tubers. 
Yield,  sprayed,  8^  bu.  ss  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  40  bu.  ir  lbs.  marketable  tubers  per  acre. 
Gain.  142  bu.  14  lbs.  marketable  tubers  per  acre. 

In  this  experiment  there  was  a  little  rot  and  there  was  some- 
what  more  of  it  on  the  sprayed  than  on  the  unsprayed  rows.  The 
small  and  rotten  tubers  were  weighed  together,  the  yields  being 
12  bu.  31  lbs.  per  acre  for  the  sprayed  and  10  bu.  38  lbs.  per  acre 
for  the  unsprayed. 

Combining  the  results  obtained  in  the  two  fields  we  have  an 
average  gain  of  172  bu.  57  lbs.  marketable  tubers  per  acre.  How- 
ever, all  of  this  gain  should  not  be  attributed  to  spraying.    The  con- 
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ditions  in  this  experiment  were  unusual.  The  sprayer  failing  to 
arrive  from  the  factory  as  soon  as  was  expected,  bugs  became  very 
numerous  in  both  fields  before  any  spraying  could  be  done.  The 
first  spraying  was  made  July  7  with  bordeaux  and  paris  green.  A 
second  spraying  was  made  on  July  11.  These  two  applications 
checked  the  bugs  so  effectually  that  the  sprayed  rows  required  nc 
more  poison  during  the  remainder  of  the  season.  But  on  the  un- 
sprayed  rows  'it  was  different.  Although  in  both  fields  the  un- 
sprayed  rows,  also,  were  treated  with  paris  green  on  July  7  and  II, 
by  means  of  a  powder  gun,  the  bugs  continued  their  depredations; 
and  even  by  three  additional  applications  of  paris  green  (once  with 
a  powder  gun  and  twice  with  a  hand  sprayer)  the  bugs  were  only 
partially  controlled.  In  spite  of  al!  that  could  be  done  the  un- 
sprayed  rows  in  both  fields  were  mined  by  bugs.  Most  of  the 
damage  was  done  by  mature  beetles  which  bit  off  the  leaf  stalks 
to  such  an  extent  that  the  ground  was  covered  with  the  fallen  leaves. 
Mr.  Hyde  is  of  the  opinion  that  spraying  drove  the  beetles  to  the 
unsprayed  rows  causing  these  rows  to  be  more  severely  attacked 
than  they  would  have  been  had  no  spraying  been  done.  Such  may 
have  been  the  case.  Our  personal  observations  were  too  few  to 
enable  us  to  express  a  positive  opinion  on  the  subject.  Whatever 
the  true  explanation,  the  fact  stands  out  prominently  that  two  ap- 
plications of  paris  green  with  bordeaux  gave  full  protection  against 
bugs  where  five  applications  by  ordinary  methods  utterly  tailed. 

Neither  early  blight  nor  flea  beetles  were  important  factors  in 
this  experiment.  Late  blight  probably  hastened  the  death  of  the 
unsprayed  rows,  particularly  m  Field  No.  2 ;  but  most  of  tfie  Injury 
was  due  to  bugs. 

Because  of  the  uncertainty  as  to  what  part  of  the  gwn  In  this 
experiment  should  be  credited  to  spraying,  the  results  have  not 
been  used  in  making  up  the  averages  on  page  i6i.  Had  tfiis  ex- 
periment been  included,  the  average  gain  due  to  sprayhig  in  the 
business  experiments  would  have  been  55^4  bushels  per  acre.  Mr. 
Hyde  is  satisfied  that  the  spraying  was  highly  profitable.  He  be- 
lieves that  it  doubled  his  yield. 

THE  CASSVILLE  EXPERIMENT. 

This  experiment  was  conducted  by  P.  S.  Doolittle,  Cassville, 
Oneida  county.    Eleven  acres  of  potatoes,  variety  Carman  No.  3. 
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were  sprayed  five  times  —  July  ii,  20,  August  4,  18  and  September 
2.  The  sprayer  used  was  an  Aspinwall  one-horse,  four-row  power 
sprayer  carrying  one  nozzle  per  row  in  the  first  spraying  and  two 
nozzles  per  row  in  the  other  four.  (Plate  IV,  fig.  i.)  The 
bordeaux  was  made  by  the  6-6-50  formula  and  the  water  used  in 
its  preparation  was  obtained  from  a  well  at  one  corner  of  the  field. 
One  man  pumped  the  water  and  made  the  bordeaux  while  another 
drove  the  sprayer.  Paris  green  was  uscid  with  tlie  bordeaux  only 
in  the  first  two  sprayings  at  the  rate  of  one  pound  to  50  gallons. 
In  1904  a  part  of  the  field  was  in  sod  and  the  remainder  grew 
corn.  On  each  kind  of  ground  four  rows  525  feet  long  were  left 
unsprayed.  The  unsprayed  rows  were  treated  twice  with  paris 
green  in  water  at  the  same  rate  and  on  the  same  dates  as  the 
sprayed  rows.  Also,  the  application  was  made  with  the  same 
sprayer.  Bugs  caused  no  material  injury  anywhere.  Late  blight 
was  the  principal  enemy  in  this  experiment.  The  unsprayed  rows 
blighted  much  more  than  the  sprayed  rows  although  the  latter  were 
considerably  injured.  Toward  the  close  of  the  season  there  was  a 
marked  contrast  between  the  sprayed  and  unsprayed  rows.  Even  at 
d'iSing  ti™e  (October  6)  it  was  noticeable  that  the  stalks  of  the 
unsprayed  plants  had  been  dead  longer  and  were  much  drier  than 
those  on  the  sprayed  rows. 

The  items  of  expense  for  spraying  eleven  acres  five  times  were 
as  follows : 

317  lbs.  copper  sulphate  @  70 $33, 19 

5  bu.  lime  @  ISC .75 

32  lbs.  paria  green  @  20c 6.40 

78  hrs.  labor  for  man  @  15c 11.70 

34    "    labor  for  horse  @  loc 3.40 

Wear  on  sprayer 3.00 

Total $47.44 

The  total  cost  of  spraying  was  $43.1  per  acre  or  86  cents  per 
acre  for  each  application. 

Both  sets  of  test  rows  were  dug  with  a  potato  digger  on  October 
6.    The  yields  were  as  follows : 

Test  No.  I.     Corn  ground. 
Second  spra}red  row  on  the  north,   ig3'4   lbs.  marketable  tubers. 
Second  sprayed  row  on  the  south,  198  lbs.  marketable  tubers, 
Arerage  of  two  sprayer!  mvv,  1955^  lbs.  marketable  tubers.        (  '(-loolc 
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One  of  middle  two  unsprayed  raws,  i2&ii  lbs.  market^le  tubers. 
Yield,  sprayed,  go  bu.  g  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  59  bu.  zo  lbs.  marketable  tubers  per  acre. 
Cain,  JO  ba.  49  lbs.  marketable  tubers  per  acre. 

The  yield  of  small  and  rotten  tubers  was  39!^  bushels  per  acre 
for  tlie  sprayed  and  34^^  bushels  per  acre  for  the  unsprayed. 

Test  Ko.  2.    Sod  ground. 
Second  sprayed  row  on  the  north,  i;6Ji  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  south,  131  lbs.  marketable  tubers. 
Average  of  two  sprayed  rows,  153^^  lbs.  marketable  tubers. 
One  of  the  middle  two  unsprayed  rows,  75  lbs.  marketable  tubers. 
Yield,  sprayed,  70  bu.  47  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  34  bu.  34  lbs.  marketable  tubers  per  acre. 
Gain,  36  bu.  13  lbs.  marketable  tubers  per  acre. 

The  yield  of  small  and  rotten  tubers  was  50  bu.  10  lbs.  per  acre 
for  the  sprayed  and  26  bu.  44  lbs.  per  acre  for  the  unsprayed. 

Combining  the  results  obtained  in  the  two  fields  we  have  an 
average  gain  of  33  bu.  31  lbs.  marketable  tubers  per  acre.  This 
is  a  comparatively  small  gain,  but  when  the  size  of  the  yields  is 
taken  into  consideration  the  showing  made  is  a  good  one.  Spray- 
ing increased  the  yield  714  per  ct.  At  the  time  of  di^ng  the 
test  rows  the  market  price  of  potatoes  in  Utica  was  75  cents  per 
bushel.  This  makes  the  value  of  the  increase  $25.14  per  acre. 
Subtracting  $4.31,  the  cost  of  spraying,  there  is  left  a  net  profit  of 
$20.83  P^  o^f- 

The  loss  from  rot  in  this  experiment  was  considerable  and  it 
was  certainly  greater  on  the  sprayed  than  on  the  unsprayed  rows. 
An  explanation  of  this  is  given  on  page — .  Had  there  been  no 
unsprayed  rows  for  comparison  many  would  have  pronounced  the 
'spraying  a  failure,  while  as  a  matter  of  fact  it  was  a  decided 
success. 

THE   VERONA    MILLS    EXPERIMENT. 

This  experiment  was  made  by  F.  G.  Rathbun,  Verona  Mills, 
Oneida  county.  Eleven  acres  of  potatoes,  in  two  fields,  were 
sprayed  five  times.  One  field  contained  seven  acres  and  the  other 
four.  In  both,  the  variety  was  Green  Mountain.  The  dates  of 
spraying  were  as  follows:  June  24-29,  July  12-15,  J^^^y  24-31, 
August  9-14  and  August  19-22.  Poison  was  used  with  the  bor- 
deaux in  the  first  three  sprayings.  Some  unsprayed  rows  were 
10  r=-,..du>.AHtyic 
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left  in  each  field  and  these  were  treated  with  poison  four  times; 
yet  in  the  seven-acre  field  bugs  injured  the  unsprayed  rows  some- 
what more  than  the  sprayed  rows.  The  sprayer  used  was  a  Spra- 
motor  one-horse,  five-row  power  sprayer  carrying  thirteen  nozzles. 

(Plate  III.  fig.  2.)  The  bordeaux  was  made  with  six  poimds  of 
copper  sulphate  and  seven  pounds  of  prepared  lime  to  fifty  gallons. 
The  expense  of  spraying  the  eleven  acres  five  times  included  the 
following  items : 

258      lbs.  copper  sulphate  @  6c $iS-48 

301        "    lime  @  ic 

40       "    paris  green  @  i6c 

6}4    "    white  arsenic  @  8c 

98      hrs.  labor  for  man  @  isc 

83       "    labor  for  horse  @  sc 

Interest  and  wear  on  sprayer 


Total $55-26 

The  total  cost  of  spraying  was  $5.02  per  acre  or  $1  per  acre  for 
each  apphcation. 

In  both  fields  the  unsprayed  rows  died  somewhat  earlier  than  the 
sprayed  owing  chiefly  to  the  ravages  of  late  blight.  Neither  flea 
beetles  nor  early  blight  entered  into  the  problem  to  any  extent. 

The  test  rows  in  both  fields  were  dug  by  hand  October  4.  The 
results  were  as  follows: 

Seven-acre  field. — Five  rows  477  feet  long  were  left  unsprayed. 
The  yields  in  this  field  were  as  follows: 
Third  sprayed  row  on  the  west,   372  lbs.  marketable  tubers. 
Third  sprayed  row  on  the  east,  327  lbs.  marketable  tubers. 
Average  of  two  sprayed  rows,  349^  lbs.  marketable  tubers. 
Middle  unsprayed  row,  286^  lbs,  marketable  tubers. 
Yield,  sprayed,  ijj  6m.  /p  \hs.  marketable  tubers  Per  acre. 
Yield,  unsprayed,  145  bu.  zi  lbs.  marketable  tubers  per  acre. 
Gain,  31  bu.  58  lbs.  marketable  tubers  per  acre. 

There  was  a  little  rot  on  all  of  the  rows  and  apparently  no  dif- 
ference between  tRe  sprayed  and  unsprayed.  The  yield  of  small 
and  rotten  tubers  was  26  bu,  53  lbs,  per  acre  for  the  sprayed  and 
33  bu.  29  lbs.  per  acre  for  the  unsprayed. 

Four-acre  field. — There  were  four  unsprayed  rows  705  feet  long. 
The  yields  in  this  field  were  as  follows : 
Second  sprayed  row  on  the  east,  532  lbs.  marketable  tubers. 
One  of  the  middle  unsprayed  rows,  338  lbs,  marketable  tubers.  1    ""  - 
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Yield,  sprayed,  i8i  bu.  39  lbs.  marketable  lubers  per  acre, 
yield,  unsprayed,  ll6  bu.  2  lbs.   marketable  tubfrs  per  acre. 
Cain.  66  bu.  j^  lbs.  marketable  lubers  per  acre. 

The  loss  from  rot  was  practically  the  same  as  in  the  seven-acre 
field.  There  was  no  noticeable  difference  between  the  amount  of 
rot  on  the  unsprayed  rows  and  that  on  the  sprayed  rows.  The  yield 
of  small  and  rotten  tubers  was  11  bit.  40  lbs,  per  acre  for  the 
sprayed  and  13  bu.  44  lbs.  per  acre  for  the  unsprayed. 

The  average  gain  per  acre  in  the  two  fields  was  49  bu.  17  lbs. 
worth  $32.03  (at  65  cents  per  bushel  which  was  the  market  price 
at  digging  time).  After  deducting  the  cost  of  spraying,  $5.02,  there 
remains  an  average  net  profit  of  $27.oi'  per  acre. 

i 

THE   CHATEAUGAY   EXPERIMENT. 

This  experiment  was  made  by  Oliver  Smith  &  Son,  Chateaugay, 
Franklin  county.  It  included  three  fields  of  potatoes  having  a  total 
area  of  17  acres.  Some  unsprayed  rows  were  left  in  each  field. 
The  sprayer  used  was  an  Iron  Age  one-horse,  four-row  power 
sprayer  carrying  one  nozzle  per  row.  The  bordeaux  was  prepared, 
by  the  6-6-50  formula.  Most  of  the  water  required  was  con- 
veniently obtained  from  a  small  stream  which  ra:i  1  L^tween  the  larger 
two  fields,  TTie  items  of  expense  for  spraying  the  entire  seventeen 
acres  (fifteen  acres  five  times  and  two  acres  seven  times)  were  as 
follows : 

aoo      lbs.  copper  sulphate"  @  5^c 

ISO       "    copper  sulphate  ®  6c 

17s        "    copper  sulphate  @  & 

a      bblljme   @   $r.io 

3&     lbs.  pans  green  @  iSc 

57^  hrs.  labor  for  man  and  horse  @  35c 

i<^    "    labor  for  extra  man  ®  15c 

Wear  of  sprayer 


Total $68.70 

The  cost  of  spraying  in  this  experiment  was  77  cents  per  acre 
for  each  application. 

"The  expense  account  calls  for  more  copper  sulphate  than  was  actually 
used  in  the  spraying.  A  barrel  of  stock  solution  containing  150  pounds  of 
cofver  sulphate  brdce  and  a  considerable  quantity  was  lost 
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The  two-acre  Held. — The  potatoes  in  this  field  were  of  the  variety 
Sulphic  Beauty  and  planted  May  15.  They  were  sprayed  seven 
times  —  July  3,  8,  22,  August  i,  17,  28  anil  September  2.  The 
total  quantity  of  bordeaux  used  was  650  gallons.  Paris  green  wab 
used  with  the  bordeaux  twice;  viz.,  on  July  8  (two  pounds  per 
acre)  and  July  22  (one  pound  per  acre).  Three  rows  323  feet  long 
were  left  unsprayed,  Paris  green  in  water  was  applied  to  these 
rows  twice  (July  7  and  20)  by  means  of  a  knapsack  sprayer.  The 
chief  enemy  was  late  blight  which  caused  the  death  of  the  un- 
sprayed rows  about  September  i  while  the  sprayed  rows  were  still 
quite  green  on  September  13  when  they  were  killed  by  frost.  No 
damage  was  done  by  bugs.  The  test  rows  were  dug  by  hand  Sep- 
tember 22  with  the  following  results: 

Second  sprayed  row  on  the  east,  382  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  west,  357  lbs.  marketable  tubers. 
Average  of  two  sprayed  rows,  36954   lbs.  marketable  tubers. 
Middle  unsprayed  row,  sSa  lbs.  marketable  tubers. 
Yield,  sprayed,  ^fi  6u.  ^p  \bs.  marketable  lubers  per  acre, 
yield,  unsprayed,  ill  b».  16  lbs.  marktiable  tubert  per  acre. 
Gain,  6s  bu.  S3  't*.  marketable  tubers  per  acre. 

It  was  plain  that  spraying  had  checked  the  rot.  There  was 
practically  no  rot  on  either  sprayed  row  while  on  the  unsprayed 
row  rotten  tubers  were  frequent.  The  yield  of  small  and  rotten 
tubers  was  24  bu.  32  lbs,  per  acre  for  the  sprayed  and  69  bu.  28 
lbs.  per  acre  for  the  unsprayed. 

The  nine-acre  field. — ^The  variety  in  this  field  was  Enormous  No, 
9,  planted  May  iS,  They  were  given  five  sprayings,  the  total 
quantity  of  bordeaux  used  being  1,755  gallons-  The  dates  of  spray- 
ing were  —  July  10,  26,  August  14-17,  28  and  September  2.  Paris 
green  was  used  in  the  first  two  sprayings  —  seven  pounds  on  July 
ID  and  fifteen  pounds  on  July  26.  The  three  unsprayed  rows,  1419 
feet  long,  were  treated  with  paris  green  in  water  on  the  same  dates. 
Toward  the  close  of  the  season  the  unsprayed  rows  were  plwnly 
inferior  to  the  adjacent  sprayed  rows.  They  died  about  two  weeks 
earlier.  In  fact,  the  sprayed  rows  were  still  partly  green  when  frost 
came.  The  test  rows  were  dug  by  hand  September  23  and  the  fol- 
lowing yields  obtained: 

Second  sprayed  row  on  the  east,  1,38a  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  west,  i,540l/i  lbs.  marketable  tubers. 

L=-,:uJl..v  Google 
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Average  of  two  sprayed  rows.   1,461   lbs.  marketable  tubers. 
Middle  uiisprayed  row,  g06  lbs.  marketable  tubers. 
Yield,  iprayi'd,  ^J5  bu.  J9  lbs.  iiuirketable  tubers  per  acre, 
yield,   uiispraycd,   156  bu.   marketable  tubers  per  acre. 
Gain,  jg  bu.  59  lbs.  marketable  tubers  per  acre. 

Rotten  tubers  were  much  more  frequent  on  the  unsprayed  row 
than  on  the  sprayed  rows,  but  the  loss  was  not  great  in  either  case. 
The  yield  of  small  and  rotten  tubers  was  21  bu.  26  lbs.  per  acre 
for  the  sprayed  and  46  bu.  31  lbs.  per  acre  for  the  unsprayed. 
Most  of  the  difference  was  in  rotten  tubers. 

The  six-acre  field. — This  field,  albo,  was  of  the  variety  Enormous 
No.  9,  The  plants  were  sprayed  five  times  —  July  27,  August  17-18, 
26,  September  2  and  9.  In  all,  1,650  gallons  of  bordeaux  were  used 
on  this  field.  Paris  green  was  applied  only  once;  viz.,  in  the  first 
spraying  when  eight  pounds  were  used.  There  were  three  un- 
sprayed rows  688  feet  long  and  these  received  an  application  of 
paris  green  in  water  on  the  same  date.  Being  so  late  planted 
{June  8)  the  potatoes  in  this  field  had  not  nearly  finished  their 
■growth  when  frost  came  September  13.  The  unsprayed  rows  were 
already  commencing  to  die,  but  the  sprayed  rows  were  in  full 
foliage.  Had  not  frost  come  so  early  the  yields  in  this  field  would 
have  been  larger  and  also  the  gain  due  to  spraying  larger.  The 
test  rows  were  dug  with  a  potato  digger  on  October  to,  the  yields 
being  as  follows: 

Second  sprayed  row  on  the  east,  332  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  west,  3S1  lt>s,  marketable  tubers. 
Average  of  two  sprayed  rows,  356^  lbs.  marketable  tubers. 
Middle  unsprayed  row,  251  lbs.  marketable  tubers. 
Yield,  sprayed,  118  bu.  50  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  8j  bu.  40  lbs.  marketable  tubers  per  acre. 
Gain,  33  bu.  10  lbs.  marketable  tubers  per  acre. 

There  was  no  rot  of  any  account  except  at  the  north  end  where 
hog  manure  had  been  spread.  Here,  there  was  some  rot  but  de- 
cidedly more  on  the  unsprayetl  row  than  on  the  sprayed.  The  yield 
of  small  and  rotten  tubers  was  9  bu.  10  lbs.  per  acre  for  the  sprayed 
and  23  bu.  per  acre  for  the  unsprayed. 

Combining  the  results  obtained  in  the  three  fields  we  have  an 
average  gain  of  60  bu.  14  lbs.  of  marketable  tubers  per  acre.  On 
the  average,  spraying  increased  the  yield  40  per  ct.     The  gain  is 
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all  ihe  result  of  spraying,  llicrc  having  been  no  interference  in 
bugs.  On  September  22  am!  23  wben  the  test  rows  in  the  first  two 
fields  were  dug,  tiie  market  price  of  potatoes  in  Chateaugay  was  25 
cents  per  bushel;  on  October  10  when  the  test  rows  in  the  third 
field  were  dug  the  price  had  risen  to  40  cents  per  bushel.  Even  al 
these  low  prices  the  average  net  proUt  in  the  Chateaugay  experi- 
ment was  $13.50  per  acre.  The  actual  profit  was  considerably 
greater  than  this.  The  entire  crop  was  stored.  Under  date  of  De- 
cember 21  Mr.  Smith  wrote  that  2,200  bushels  had  been  sold  on 
November  i  at  70  cents  per  bushel  while  the  remainder  of  Ihe  crop 
was  still  in  storage  and  keeping  well, 

THE  PERU  EXPERIMENT. 

This  experiment  was  made  by  Datus  Clark,  Peru,  Clinton  county, 
who  made  a  similar  experiment  for  the  Station  in  1904,  A  field  of 
ten  acres  was  sprayed  four  times  —  July  24,  August  8,  19  and 
September  8.  In  the  second  and  third  sprayings  only  8  acres  were 
sprayed  each  time,  so  that  in  reality  the  total  area  sprayed  was  only 
36j^  acres.  The  spraying  was  done  with  the  same  sprayer  used  in 
1904;  namely,  an  Aroostook  two-horse,  six-row  sprayer  with  one 
nozzle  per  row.  Water  for  making  the  bordeaux  was  obtained 
from  a  river  at  the  north  end  of  the  field. 

As  there  were  no  bugs  to  fight  no  poison  was  used.  There  were 
two  varieties  of  potato  —  Ironclad  and  World's  Fair,  and  three  un- 
sprayed  rows  were  left  in  each  variety. 

The  expense  of  the  spraying  included  the  following  items: 

132      lbs.  copper  sulphate  @  8c $10.56 

88       '■    lime  @  ic .88 

23/4  hrs,  labor  for  man  @  isc 3.53 

I9J^    "    labor  for  term  @  250 4.88 

Wear  on  sprayer 4. 00 

Total  $23.85 

The  cost  of  spraying  was  O^'/,  cents  per  acre  for  each  applica- 
tion. 

A  large  part  of  the  field  needs  underdrainage  badly  and  as  the 
season  was  an  extremely  wet  one  the  conditions  were  very  unfavor- 
able for  a  crop  of  potatoes.  On  the  welter  portion  of  the  field, 
planted  with  World's  Fair,  the  plants  made  a  weak  growth,  bhghted 
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badly  and  died  early  in  spite  of  spraying.  On  the  drier  portion  of 
the  fiel<i  the  variety  Ironclad  did  ccnsiilerably  better.  There  was  a 
rank  growth  of  vines  which  did  not  bliglit  until  late  in  the  season 
'ITie  test  rows  were  dug  by  hand  October  11. 

Test  No.  I.  Ironclad. — The  unsprayed  rows  were  773  feet  long. 
Up  to  the  time  of  digging  there  had  been  no  frost  and  the  sprayed 
plants  although  much  blighted  still  retained  about  one-tifth  their 
foliage.  The  unsprayed  rows  were  now  dead  but  there  had  been  no 
marked  difference  in  appearance  between  the  sprayed  and  unsprayed 
rows  until  within  a  few  days.     The  yields  were  as  follows: 

Second  sprayed  row  on  the  west,  ^ST/i  lbs.  marketable  tubers. 

Middle  unsprayed  row,  303  lbs.  marketable  tubers. 
Yield,  sprayed,  143  bu.  zi  Ib^.  markeiabU  tubers  per  acre. 
Yield,  unsprayed,  94  bv.  $6  lbs.  marketable  tubers  per  acre. 
Gaiit,  48  bu.  35  lbs.  marketable  tubers  per  acre. 

On  both  rows  there  was  a  large  amount  of  rot,  somewhat  more 
on  the  unsprayed  row  than  on  the  sprayed  one.  The  yield  of  small 
and  rotten  tubers  was  60  bu.  57  lbs.  per  acre  for  the  sprayed  and 
71  bu.  36  lbs.  per  acre  for  the  unsprayed. 

Test  No.  2.  World's  Fair. — The  unsprayed  rows  were  633  feet 
long.  Both  the  sprayed  and  the  unsprayed  plants  had  been  dead 
for  some  time.    The  yields  were  as  follows : 

Second  sprayed  row  on  the  west,  log^i  lbs.  marketable  tubers. 

Middle  unsprayed  row,  47  lbs.  marketable  tubers. 

Yield,  sprayed,  41  bu.  S3  lbs.  marketable  tubers  per  acre. 

Yield,  unsprayed,  18  bu.  marketable  tubers  per  acre. 

Gain,  23  hu.  53  lbs.  marketable  tubers  per  acre. 

Here,  also,  there  was  much  rot,  the  sprayed  row  showing  a  little 
more  than  the  unsprayed.  The  yield  of  small  and  rotten  tubers 
was  26  bu.  II  lbs.  per  acre  for  the  sprayed  and  24  bu.  17  lbs.  per 
acre  for  the  unsprayed. 

Combining  the  results  obtained  in  the  two  tests  there  is  an 
average  gain  of  36  bu.  14  lbs.  per  acre.  In  one  test  spraying  in- 
creased the  yield  51.2  per  ct.  and  in  the  other  132.6  per  ct.  making 
an  average  of  91.9  per  ct. 

At  the  time  of  dicing  the  test  rows  there  was  no  market  for 
potatoes  in  Peru,  but  a  few  days  later  the  market  opened  at  55  cents 
per  bushel.    At  this  price  36  bu.  14  lbs.  of  potatoes  would  be  worth 
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$19.93.    After  deducting  llie  cosi  of  spraying,  $2.62,  Ihere  remains 
a  net  profit  of  $17.31  per  acre. 

Notwithslaniiing  tlie  fact  that  there  was  much  rot  on  the  sprayed 
rows  in  both  tests  and  an  extremely  low  yieki  in  one  test  the  spray- 
ing was  successful  and  profitable.  However,  had  there  been  no 
unsprayed  rows  for  comparison  it  would  have  been  pronounced  a 
flat  failure.  This  experiment  shows  the  unreliability  of  conclusions 
drawn  from  results  obtained  in  fields  where  there  are  no  check 
rows.  They  who  wish  to  learn  definitely  the  benefit  from  spraying 
must  leave  unsprayed  rows  for  comparison. 

THE   HEBRON    EXPERIMENT. 

This  experiment  was  conducted  by  Walter  B.  Shaw,  Hebron, 
Washington  county.  The  conditions  were  not  entirely  suitable  for 
such  an  experiment  and  Mr.  Shaw  was  reluctant  about  undertaking 
it,  but  finally  consented  as  no  better  location  could  be  found.  Very 
little  potato  spraying  has  been  done  in  Washington  county. 

Six  acres  of  potatoes,  variety  unknown,  were  sprayed  twice  very 
thoroughly  by  what  we  call  the  two-hose-and-three-men  method.  A 
Myers  barrel  spray  pump  was  mounted  in  a  fifty-gallon  barrel 
drawn  through  the  field  on  a  one-horse  cart.  One  man  on  the  cart 
drove  and  worked  the  pump  while  two  other  men  walking  behind 
the  cart  directed  the  nozzles  attached  at  the  ends  of  two  long  leads 
of  hose  from  the  spray  pump.  Four  rows  were  sprayed  at  each 
passage  through  the  field.  The  dates  of  spraying  were  August  2 
and  August  25-26.  The  bordeaux  was  prepared  by  the  6-6-54 
formula  and  water  for  making  it  was  obtained  from  a  brook  at  one 
side  of  the  field.  Paris  green  was  used  with  the  bordeaux  in  the 
first  spraying  but  not  in  the  second.  On  the  unsprayed  rows,  of 
which  there  were  two  sets  of  three  rows  each,  paris  green  was 
applied  August  3  by  means  of  a  powder  gun.  Owing  to  the  delay 
in  receiving  the  copper  sulphate  it  was  necessary  to  make  one  appli- 
cation of  paris  green  over  the  entire  field,  check  rows  included, 
before  any  spraying  was  done.  This  application  was  made  with 
a  powder  gun. 

Both  on  the  sprayeil  and  unsprayed  rows  bugs  were  kept  under 
control.    It  was  plain  that  the  paris  green  had  been  more  effective 
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where  applied  with  bordeaux  than  where  applied  dry  by  means 
of  a  powder  gun.  Still  there  were  not  enough  bugs  on  the  un- 
sprayed  rows  to  warrant  a  second  application  of  poison.  Flea 
beetles  were  quite  plentiful  and,  as  usual,  injured  the  unsprayed 
rows  more  than  the  sprayed.  Late  blight  appeared  about  August 
25.  It  spread  slowly.  From  the  time  of  the  first  spraying  on,  the 
foliage  of  the  sprayed  rows  was  better  than  that  of  the  unsprayed 
rows.  Toward  the  close  of  the  season  the  difference  became  quite 
marked.  At  the  time  of  digging  the  test  rows,  September  27, 
there  had  been  no  frost  and  many  of  the  sprayed  plants  still  retained 
much  of  their  foliage  while  the  unsprayed  plants  in  both  tests  were 
dead. 

The  items  of  •expense  for  spraying  six  acres  of  potatoes  twice 
were  as  follows : 

94  lbs.  copper  sulphate  @  fijjc ?6-35 

9a     "    lime  @   ic ,92 

7     "    paris  green"  @   l6c 1.13 

74  hn,  labor  ior  man"  @  ise ii.io 

a6    "    labor  for  horse"  @  loc 2.60 

Um  of  sprayer  (hired) 2.05 

Total $24.14 

The  total  cost  of  spraying  was  $4.02  per  acre  or  $2.01  per  acre 
for  each  application  which  is  a  little  more  than  twice  the  average 
cost  in  the  other  twelve  experiments.  The  method  of  spraying 
employed  in  this  experiment  is  expensive  because  it  requires  so 
much  man  labor.  Of  course  the  spraying  can  be  done  very  thor- 
oughly but  it  is  doubtful  if  the  gain  is  proportional  to  the  extra 
expense.  We  are  confident  that,  in  most  cases,  horse  sprayers  with 
stationary  nozzles  will  give  larger  net  profit.  On  steep  hillsides, 
such  as  were  encountered  in  this  experiment,  it  may  be  possible 
to  spray  by  this  method  where  a  sprayer  with  stationary  nozzles 
could  not  be  used. 

Both  sets  of  test  rows  were  dug  by  hand  September  27  with  the 
following  results: 

"  This  does  not  include  pam  green  used  before  spraying  was  commenced. 
"  Includes  four  hours   consumed  in  damming  brook  and  getting  things 
ready ;  also  four  hours  going  after  sprayer  and  returning  it. 
**  Includes  four  hours  consumed  in  going  after  sprayer  and  relurninR  it. 
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Test  No.  I. — The  unsprayed  rows  were  286  feet  long.  The  fol- 
lowing yields  were  obtained: 

Second  sprayed  row  on  the  west,  163  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  east,  126^  lbs.  marketable  tubers. 
Average  of  two  sprayed  rows,  144J4  tbs.  marketable  tubers. 
Middle  unsprayed  row,  gpj^  lbs.  marketable  tubers. 
Yield,  sprayed,  133  bu.  S9  ibs.  marketable  tubers  per  acre. 
Yield,  umf rayed,  gi  btt.  3S  lbs.  marketable  tubers  per  acre. 
Gain,  24  bu.  i  lb.  marketable  tubers  per  acrf. 

There  were  a  few  rotleii  tubers  on  the  unsprayed  row  but  none- 
on  the  sprayed  rows.  The  yields  of  small  and  rotten  tubers  were 
15  bu.  per  acre  for  the  sprayed  and  20  bu.  19  lbs.  per  acre  for 
the  unsprayed. 

Test  No.  2. — The  unspraye<l  rows  were  704  feet  long.  The 
yields  were  as  follows : 

Second  sprayed  row  on  the  west,  303^4  H>s.  marketable  tubers. 
Second  sprayed  row  on  the  east,  380  lbs.  markciable  tubers. 
Average  of  two  sprayed  rows,  zgij^  lbs.  marketable  tubers. 
Middle  unsprayed  row,  193^^  lbs.  marketable  tubers. 
Yield,  sprayed,  lop  bu.  21  lbs.  iiiarkelable  tubers  per  acre. 
Yield,  unsprayed,  72  bu.  34  lbs.  marketable  tubers  per  acre. 
Gain,  36  bu.  47  lbs.  marketable  tubers  per  acre. 

As  regards  rot,  the  conditions  were  about  the  same  here  as  in 
Test  No,  I ;  viz.,  but  little  on  the  unsprayed  and  none  on  the 
sprayed.  The  yield  of  small  and  rotten  tubers  was  16  bu.  58  lbs. 
for  the  sprayed  and  24  bu.  per  acre  for  the  unsprayed. 

Combining  the  results  obtained  in  the  two  tests  there  is  an  aver- 
age gain  of  39  bu.  24  lbs.  marketable  tubers  per  acre.  The  average 
percentage  of  gain  was  48,2  per  ct. 

On  the  date  of  digging  the  test  rows  the  market  price  of  potatoes 
at  Rupert,  Vt.,  the  nearest  shipping  point,  was  40  cents  per  bushel. 
At  this  price  the  gain  of  39  bu.  24  lbs.  would  be  worth  $15.66. 
\iter  deducting  the  cost  of  spraying,  $4.02,  there  remains  a  net 
profit  of  $11.64  P^f"  "c^-  Probably  the  actual  profit  will  be  greater 
than  this.  I'p  to  the  present  writing  {December  23)  only  one 
load  has  been  sold  at  65  cents  per  bushel  of  65  pounds.  The  re- 
mainiler  of  tlie  crop  is  in  storage  and  seems  to  be  keeping  well. 

Tllr.    SVOSSET    EXPERIMENT. 

Tlii*  experiment  was  conducted  liy  John  S.  Burke,  Syosset,  Long 
Island.  Two  field';  of  potatoes  were  sprayed — one  of  ten  acres 
planted  with  three  different  varieties  and  one  of  eleven  acres  planted 
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ihroughout  with  the  variety  Green  Mountain.  In  the  latter  field 
two  four-row  strips  were  left  unsprayed,  A  part  of  the  21  acres 
was  sprayed  four  times,  a  part  three  times  and  a  part  twice,  the 
total  amount  of  spraying  being  equal  to  665^  acres  sprayed  once. 
The  spraying  was  done  with  a  Spramotor  hand-power  pump 
mounted  on  the  truck  of  a  discarded  Aspinwall  sprayer  and  rigged 
to  spray  four  rows  at  a  time  with  three  nozzles  for  each  of  the 
two  outside  rows  and  two  nozzles  for  each  of  the  two  inside  rows. 
The  items  of  the  expense  of  the  spraying  were  as  follows: 

622      lbs.  copper  sulphate  @  6c $37.33 

2      bbl  lime  @  $1.35  2.70 

58      lbs.  paris  green  (a!   15c 8.?0 

48?^  brs.  labor  for  man  @  15c , 7.3a 

48)^      "    labor   for  horse  C(i:  2ec g.75 

Man  and  team  hauling  water 19. 00 

Wear  on  sprayer   5.00 

Total $89. ;y 

Tlie  cost  per  acre  for  each  spraying  was  $1.36^.  This  high 
cost  is  largely  due  to  the  expense  of  hauling  water  to  the  field, 
Although  the  work  was  light,  the  leani  while  thus  employe  I  was 
not  available  for  any  other  purpose  so  it  is  necessary  to  charge  for 
full  time. 

In  the  eleven-acre  field  containing  the  two  strips  of  unspraye:l 
rows  the  plants  made  a  luxuriant  growth  and  seeine{l  to  be  doing 
well  until  about  the  middle  of  July  when  they  were  seriously 
injured  by  drought.  On  July  20  Mr.  Burke  wrote  that  the  crop 
had  been  so  much  injured  by  drought  that  he  thought  it  might 
not  pay  to  Spray  any  more.  Up  to  that  time  there  seemed  to  be 
no  benefit  from  the  spraying.  In  fact  Mr.  Burke  was  of  the 
opinion  that  the  unsprayed  rows  were  superior  to  the  sprayed 
ones.  On  July  22  rain  came  and  at  the  same  lime  flea  Ijeellcs 
appeared  in  swarms.  After  this  rain  the  plants  revived  and  another 
spraying  was  made  early  in  August.  From  the  time  of  the  out- 
break of  flea  beetles  the  sprayed  rows  made  a  better  appearance 
than  the  unsprayed.  Probably  the  increased  yield  on  the  sprayed 
rows  was  chiefly  owing  to  the  better  protection  against  fiea  beetles. 
Early  blight  did  not  enter  into  the  problem  to  any  exletit  and  late 
blight  appeared  only  at  the  close  of  the  season.  Rngs  were  kept 
well  under  control  both  on  the  sprayed  and  the  unsprayed  rows 
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The  dates  of  spraying  the  test  rows  were  June  26,  July  6  and 
August  7.  Paris  green  was  applied  only  in  the  first  spraying  and 
the  unsprayed  rows  were  treated  with  poison  on  the  same  date. 

Test  No.  I. — The  rows  in  this  test  were  874  feet  long.     They 
were  dug  September  27  and  the  following  yields  obtained : 
Second  and  third  sprayed  rows  on  the  north,  1^7  Iba.  marketable  tubers. 
Second  and  third  sprayed  rows  on  the  south,  1,329  lbs,  marketable  tubers. 
Average  yield  tor  two  sprayed  rows,  1,308  lbs.  marketable  tubers. 
Middle  two  unsprayed  rows,  1,104  lbs.  marketable  tubers. 
Yield,  sprayed,  igj  6«.  30  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  166  bit.  42  lbs.  marketable  tubers  per  acre. 
Gain,  30  bn.  4S  lbs.  marketable  tubers  per  acre. 

The  yield  of  culls  was  at  the  rate  of  10  bu.  12  lbs.  per  acre  for 
the  sprayed  and  16  bu.  18  lbs.  per  acre  for  the  unsprayed.  There 
was  a  little  rot  on  the  sprayed  rows,  but  somewhat  more  on  the 
unsprayed. 

Test  No.  2. — Here,  the  test  rows  were  674  feet  long.  The 
sprayed  rows  on  the  north  were  given  three  sprayings  as  in  Test 
No.  r,  but  those  on  the  south  received  only  two  sprayii^s — June 
26  and  July  6.  The  test  rows  were  dug  September  27  with  the 
following  results : 

Second  and  third  sprayed  rows  on  the  north,  604  lbs.  marketable  tubers. 
Second  and  third  sprayed  rows  on  the  south,  637  lbs.  marketable  tubers 
Average  yield  for  two  sprayed  rows,  620^  lbs.  marketable  tubers. 
Middle  two  unsprayed  rows,  430  lbs.  marketable  tubers. 
yield,  sprayed,  126  b%.  35  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  85  bu.  41  lbs.  marketable  tubers  per  acre. 
Gain,  40  bu.  54  lbs.  marketable  tubers  per  acre. 

Tlie  yield  of  culls  was  14  bu.  47  lbs.  per  acre  for  the  sprayed 
rows  and  5  bu.  12  lbs.  per  acre  for  the  unsprayed.  On  the  sprayed 
as  well  as  the  unsprayed  rows  there  was  considerable  loss  from 
rot. 

Why  the  rows  on  the  south,  sprayed  only  twice,  yielded  more 
than  those  on  the  north  which  were  sprayed  three  times  is  not 
known,  Mr.  Burke  states  that  on  the  whole  the  portion  of  the  field 
sprayed  twice  (about  four  acres)  did  not  yield  as  well  as  the  por- 
tion sprayed  three  times. 

Combining  the  results  obtained  in  the  two  tests  the  average  gain 
due  to  spraying  in  this  experiment  is  35  bu.  51  lbs.  per  acre.     At 
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60  cents  per  bushel'*  this  gain  would  be  worth  $21.51.  Deducting 
$4.10,  the  cost  of  three  sprayings,  there  remains  o  net  proAt  of 
$17.41  per  acre. 

THE  MATTITUCK  EXPERIMENT. 

This  experiment  was  conducted  by  W.  H.  Satterly,  Mattituck, 
Long  Island,  who  made  a  similar  experiment  for  the  Station  in 
1904.  Sixteen  and  two-thirds  acres  of  potatoes,  variety  Green 
Mountain,  were  sprayed  with  a  one-horse  "  Schanck"  sprayer  the 
same  one  used  in  the  1904  experiment.  Two  strips  of  seven  rows 
each  were  left  unsprayed.  The  entire  sixteen  and  two-thirds  acres 
were  sprayed  seven  times — June  24-26,  July  4-5,  July  10-12,  July 
17,  July  25-26,  August  2  and  August  lo-ii.  About  one-half  the 
field  was  given  an  additional  spraying  July  22.  This  makes  the 
total  amount  of  spraying  done  equivalent  to  spraying  114^  acres 
once.     The  expense  account  included  the  following  items : 

540      lbs.  copper  sulphate  @  6c $33-40 

3(So      "    lime  @  ic  3. 00 

112       "    paris  green  @  isc.  16.80 

74j4  hrs.  labor  for  man  @  20c I4'!)0 

7^)4    "    labor  for  boy  @  loc 7.45 

74J^    "    labor  for  horse  @  loc 7.45 

Wear  and  repairs  on  sprayer 10.00 

Toul iga.6o 

The  total  cost  of  spraying  was  $5.55  per  acre  or  74  cents  per 
acre  for  each  application. 

The  bordeaux  mixture  was  of  the  6-4-50  formula,  the  total 
quantity  used  being  4,500  gallons  which  is  at  the  rate  of  a  little 
more  than  39  gallons  per  acre  at  each  application.  By  comparing 
these  figures  with  those  given  for  the  experiment  in  1904  (Bui. 
264,  p.  143)  it  will  be  seen  that  the  quantity  per  acre  per  applica- 
tion was  one-half  greater  than  in  1904.  This  difference  is  chiefly 
the  result  of  spraying  fewer  rows  at  a  time.  In  1904  eight  rows 
were  covered  at  each  passage  in  most  of  the  spraying,  while  in 
1905  the  sprayer  was  driven  over  every  fifth  row.  This  also 
accounts  for  the  increased  expense  of  spraying  in  1905. 

"At  the  time  of  digging  the  test  rows  Mr.  Burke  was  selling  potatoes 
in  the  103d  St  (New  York)  market  at  $3  to  l^.as  per  barrel  of  170 
pODnda.  Allowing  thirlr  cents  per  barrel  for  marketing,  the  net  rctama 
would  be  ft.70  to  $1.93  per  barrd  which  is  Kmewbat  mora  than  sixty  etaU 
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Paris  green  was  used  with  the  bordeaux  not  uniformly  over  the 
wliole  field,  but  whenever  and  wherever  needed  in  the  first,  third, 
fifth  and  sixth  sprayings  and  in  tlie  extra  spraying  of  July  22.  In 
all,  112  pounds  of  paris  green  were  used.  Perhaps  tlie  quantity 
was  unnecessarily  large.  On  the  unsprayed  rows,  one  application 
of  paris  green  made  June  26  was  sufficient  to  prevent  injury  by 
bugs. 

An  examination  of  the  experiment  was  made  July  11.  At  that 
time  there  was  no  appreciable  difference  between  the  sprayed  and 
unsprayed  rows.  On  the  unsprayed  rows  in  the  north  test  it  was 
easy  to  find  leaves  affected  with  late  blight  and  occasionally  speci- 
mens of  the  disease  were  found  also  on  the  sprayed  rows.  Mr. 
Satterly  states  that  he  first  found  late  blight  July  5.  Fortunately, 
the  weather  conditions  during  the  greater  part  of  July  were  un- 
favorable to  blight  so  that  an  epidemic  of  the  disease  was  avoided, 
but  it  made  steady  progress  and  in  August  did  considerable  dam- 
age. About  July  22  swarms  of  flea  beetles  appeared  and  became 
an  important  factor  in  the  experiment.  There  was  also  some  early 
blight. 

The  test  rows  were  dug  on  October  10  with  a  potato  digger. 

North  test. — In  the  portion  of  the  field  in  which  this  test  was 
located  the  previous  crop  was  hay.  The  test  rows  were  360  feet 
long.    The  yields  were  as  follows : 

Second  sprayed  row  on  th«  north,  4695^  lbs.  marketable  tubers. 
Second  sprayed  row  on  the  $outh,  412  lbs.  marketable  tubers. 
Average  of  tno  sprayed  rows,  440^  lbs.  marketable  tubers. 
Middle  unsprayed  row,  329  lbs.  marketable  tubers. 
yitld,  sprayed,  ?p6  bu.  is  lbs.  marketable  tubers  per  acre. 
Yield,  tmsprayed,  at  bu.  p  lbs.  marketable  tubers  per  acre. 
Gain,  75  bu.  6  lbs.  marketable  tubers  per  acre. 

The  yield  of  culls  (small  sound  tubers)  was  at  the  rale  of  16 
bu.  48  lbs.  per  acre  for  the  sprayed  and  22  bu.  11  lbs.  for  the 
unsprayed.  On  the  unsprayed  row  there  was  some  rot,  but  on  the 
sprayed  rows  none. 

South  test. — This  test  was  located  in  a  portion  of  the  field  which 
grew  potatoes  in  1904,  The  rows  were  348  feet  long.  The  yields 
were  as  follows : 

Second  sprayed  row  on  the  north,  381  lbs.  marketable  tubers. 
Third  sprayed  row  on  the  south,"  296^  lbs.  marketable  tubers. 

"The  second  sprayed  row  on  the  south  fell  in  a  dead  fnrroirv OOJ^ IC 
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FIC.    2.— USED   IN    VESOKA   MILLS   EXPEKIMENT. 

Plate  III.— Some  Sprayess  Used  in  Expebiments. 
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Average  of  two  sprayed  row*,  288^  Iba,  tnarkeUble  tubers. 

Middle  unsprayed  row,  241  Ibj,  niarkctable  tub«rs. 

Yield,  sprayed,  zoo  bu.  47  lbs.  markelable  tubers  per  acre. 
!  Yield,  unsprayed,  167  bu.  35  lbs.  markelable  tubers  per  acre. 
[Coin,  33  bti.  IS  lbs.  marketable  tubers  per  acre. 

The  yield  of  culls  was  at  the  rate  of  18  bu.  57  lbs.  per  acre  for 
ithe  sprayed  and  18  bu.  5  lbs.  for  the  unsprayed.  In  this  test  the 
I  unsprayed  as  well  as  the  sprayed  rows  were  free  from  rot.  Most 
of  the  gain  on  the  sprayed  rows  was  due  to  protection  against  flea 
beetles  and  early  blight. 

Combining  the  results  obtained  in- the  two  tests  we  have  an 
average  gain  of  54  bu.  9  lbs.  marketable  tubers  per  acre,  worth 
at  the  time  of  digging,  $3249.  After  subtracting  the  cost  of  spray- 
ing. $5-55  there  remains  a  net  profit  of  $26.94  per  acre. 

THE  BRIDGEHAMPTON  EXPERIMENT. 
E,  E.  Halsey,  Bridgehampton,  Long  Island,  conducted  this  ex- 
periment. Eighteen  acres  of  potatoes,  mostly  of  the  variety  Car- 
man No,  I,  were  sprayed  eight  times  between  June  13  and  August 
8.  Two  strips  of  four  unsprayed  rows  each  were  left  for  checks. 
The  spraying  was  done  with  an  E.  C.  Brown,  two-horse,  five-row, 
power  sprayer  carrying  one  nozzle  per  row. 

The  bordeaux  was  of  the  usual  6-4-50  formula  applied  at  the 
average  rate  of  about  55  gallons  per  acre  for  each  application. 
Arsenite  of  soda  (prepared  by  boiling  together  one  pound  of  white 
arsenite  and  four  pounds  of  sal  soda  in  one  gallon  of  water)  was 
used  witfi  the  bordeaux  in  every  spraying.  On  the  unsprayed  rows 
paris  green  was  applied  twice  (June  24  and  July  8)  by  means  of  a 
powder  gun. 
The  items  of  expense  for  spraying  18  acres  8  times  were  as 
'  follows: 

900  lbs.  copper  sulphate  @  6>4c 

S  hbl.  lime  @  MS  

'     34  lbs.  white  arsenic  @  Jsc 

'  ISO    "    sal  soda  @  ij^c 

8  days  labor  for  man  ®  $1.50 

8    "    labor  for  team  @  $3.50 

Wear  on  sprayer  


Total $1*3- 10 
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In  tliis  experiment  the  total  expense  of  spraying  was  $6.84  per 
acre  or  SsJ/J  cents  per  acre  for  each  application. 

On  July  II  when  one  of  the  writers  visited  the  experiment  field 
the  unsprayed  rows  were  apparently  in  as  good  condition  as  the 
sprayed  rows.  However,  close  examination  revealed  traces  of  late 
blight  on  the  unsprayed  rows,  A  month  later  (August  12)  the 
unsprayed  rows  were  nearly  dead  with  late  blight  and  the  sprayed 
rows  also  were  much  aflected  and  going  down  rapidly.  Flea 
beetles  which  appeared  in  large  numbers  about  July  22  added  their 
injury  to  that  done  by  blight.  In  the  north  test  the  sprayed  rows 
outlived  the  unsprayed  ones  about  two  weeks,  but  in  the  south 
test  the  difference  was  less.  Bugs  were  kept  well  under  control 
on  the  unsprayed  rows  as  well  as  on  the  sprayed  ones.  The  test 
rows  were  dug  on  August  26  with  a  potato  digger  and  the  follow- 
ing results  obtained: 

North  lest. — Eighteen  rows  required  to  make  an  acre.  The  yields 
were  as  follows: 

Two  Sprayed  rows,"  2,044  'bs.  marketable  tubers. 
Middle  two  unsprayed  rows,  2,007  lbs.  marketable  tubers. 
Yield,  sprayed,  306  bu.  36  lbs.  marketable  tubert  per  acre. 
Yield,  unsprayed,  3  i  bu.  3  lbs.  marketable  tubers  per  acre. 
Gain,  24  &W,  markelabte  tubers  per  acre. 

The  yield  of  culls  (small  sound  tubers)  was  16^  bu.  per  acre 
for  the  sprayed  and  25J4  bu.  for  the  unsprayed.  There  was  some- 
what more  rot  on  the  unsprayed  rows  than  on  the  sprayed,  but  not 
much  in  either  case. 

South  test. — Here,  also,  eighteen  rows  were  required  to  make  an 
acre.    The  yields  were  as  follows : 

Two  sprayed  rows,"  2,167  lbs.  marketable  tubers. 
Middle  two  unsprayed  rows,  2,007   Iba.  marketable  tubers. 
Yield,  sprayed,  jp}  bu,  3  lbs.  marketable  tubers  per  acre. 
Yield,  unsprayed,  301  lbs.  marketable  tubers  per  acre. 
Cain,  34  bu.  marketable  tubers  per  acre. 

The  yield  of  culls  was  28  bu.  39  lbs,  per  acre  for  the  sprayed 
and  23  bu.  51  lbs.  per  acre  for  the  unsprayed.  The  conditions  as 
regards  rot  were  the  same  as  in  the  north  test. 

"The  second  sprayed  row  on  either  side  of  the  check, 

**  The  second  and  third  sprayed  rows  on  the  south  side  of  the  chedc 
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Why  the  gain  was  so  much  greater  in  the  north  test  is  not  known 
The  conditions  in  the  two  tests  were  practically  the  same  except 
that  in  the  north  test  the  check  rows  were  accidentally  sprayed  on 
July  3;  but  this  would  tend  to  lower  the  gain  in  the  north  test. 
Fortunately,  the  spraying  was  a  light  one  owing  to  the  spray  pump 
being  out  of  order  and  the  pressure  low. 

Combining  the  results  obtained  in  the  two  tests  we  find  that  the 
average  increase  in  j^eld  due  to  spraying  in  this  experiment  was 
49  bu,  12  lbs.  per  acre.  At  50  cents  per  bushel,  which  was  the 
market  price  at  the  time  of  di^ng  the  test  rows,  this  increase 
would  be  worth  $24.60.  Deducting  $6.84,  the  expense  of  spraying, 
there  remains  a  net  profit  of  $17.76  per  acre.  The  actual  selling 
price  was  50  and  55  cents  per  bushel  for  about  one-half  the  crop 
and  60  cents  per  bushel  for  the  remainder. 


SUMMARY  OF  BUSINESS  EXPERIMENTS  IN   I9O5. 

The  principal  features  of  the  fourteen  business  experiments  are 
shown  in  the  following  table : 

Tablb  XI. — Skowino  Rmults  of  Business  Expbriubnts. 
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Total  area  sprayed  in  thirteen  experiments,  160  2-3  acres. 
Average  increase  in  yield  per  acre,  46  1-2  bushels. 
Average  total  cost  of  spraying  per  acre,  $4.2$. 
Average  cost  per  acre  for  each  spraying,  g8  cents. 
Average  net  profit  per  acre,  $30.04. 

"  Based  on  local  market  prices  for  potatoes  at  time  of  digging  the  test  rows. 

**  In  computing  the  averages  following  Table  XI,  the  Cortland  experiment 
has  not  been  included.  The  gain  in  this  experiment  may  not  have  been 
entirely  due  to  spraying.    See  page  143. 
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SUMMARY  OF  BUSINESS  EXPERIUENTS  IK  I9O4. 

Total  area  sprayed  in  fourteen  experiments,  lio  acres. 
Average  increase  w  yield  per  acre.  A?  1-4  bushels. 
Average  total  cost  of  spraying  per  acre,  f  4-9S. 
Average  cost  per  acre  for  each  spraying,  93  centt. 
Average  net  proSt  Per  acre,  $94.86. 

SUMMARY  OF  BUSINESS  EXPERIMENTS  IN  I903. 

7*0101  area  sprayed  m  six  experiments,  61 1-6  acres. 
Average  increase  in  yield  per  acre,  57  bushels. 
Average  total  cost  of  spraying  per  acre,  t4-9S. 
Average  cost  per  acre  for  each  spraying,  $1.07. 
Average  net  profit  per  acre,  ¥33.47. 

Average  net  profit  for  three  years,  $23,79  per  acre. 
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VOLUNTEER  EXPERIMENTS. 

In  1904  the  Station  began  collecting  and  recording  the  results 
of  experiments  made  by  farmers  in  all  parts  of  the  State.  As 
these  experiments  were  carried  out  entirely  by  the  farmers  them- 
selves we  call  them  volunteer  experiments.  Forty-one  such  experi- 
ments made  in  1904  were  reported  in  Bulletin  264. 

It  was  hoped  that  in  1905  a  much  larger  number  of  volunteer 
experiments  might  be  secured  for  publication  in  the  present  bul- 
letin. In  the  spring  many  farmers  were  urged  to  make  volunteer 
experiments  and  in  the  fall  they  were  requested  to  report  results. 
Although  considerable  effort  was  expended  in  this  line  only  50 
reports  were  obtained.  Evidently,  our  farmers  are  not  experiment- 
ing as  much  .as  they  should.  We  have  had  occasion  to  mention 
this  before. 

The  highly  favorable  results  obtained  in  the  numerous  experi- 
ments made  by  the  Station  and  by  New  York  farmers  during  the 
past  four  years  should  stimulate  potato  growers  to  give  spraying 
a  trial.  If  it  really  is  as  profitable  as  these  experiments  indicate 
they  can  not  afford  to  neglect  spraying.  As  a  matter  of  fact  many 
are  banning  to  practice  spraying,  but  only  a  few  are  making  any 
attempt  to  determine  how  much  the  yield  is  increased  thereby  ot 
whether  the  spraying  is  profitable.  Let  us  have  more  experiments 
in  1906.  It  is  a  very  easy  matter  to  make  potato  spraying  experi- 
ments like  the  farmers'  business  experiments  reported  in  this  bul- 
letin. The  two  important  points  to  be  determined  are:  (i)  The 
increase  in  yield  due  to  spraying;  and  (2)  the  expense  of  spraying. 

To  make  a  detailed  report  of  each  of  the  volunteer  experiments 
as  was  done  in  Bulletin  264  necessitates  frequent  repetition  of  cer- 
tain statements  and  requires  an  unnecessarily  large  amount  of  space 
in  the  bulletin.  It  is  believed  that  these  reports  may  be  grcatfy 
condensed  without  materially  reducing  their  value.  The  leading 
features  of  the  50  volunteer  experiments  are  shown  in  the  follow- 
ing table : 
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SUMUASY  OF  TBE  VOLUKTEER  EXPERIMENTS  IN  I9O5. 

Total  arta  sprayed  m  so  expgriments,  40/  acres. 

Averagt  increast  in  yield  Per  acre,  $9  bu.  3^  lbs. 

Average  total  cost  of  spraying  per  acre,  (19  experiments),  t4-Sf- 

Average  cost  per  acre,  for  each  spraying  {29  experiments),  92  cts. 

Average  market  price  of  potatoes  at  digging  time,  57  cts. 

Average  net  pro&t  per  acre   {29  experiments),  $99^5. 

SUMMARY  OF  THE  VOLUNTEER  EXPERIMENTS  IN    1904.^ 

Total  area  sprayed  in  41  experiments,  363  3/4  acres. 

Average  increase  in  yield  per  acre,  sS  t>u.  28  ifi  lbs. 

Average  total  cost  of  spraying  per  acre  (^j  experiments)  $3.91. 

Average  cost  per  acre  for  each  spraying  {23  experiments),  902/3  cents. 

Average  market  price  of  potatoes  at  digging  time,  43 1/2  cents  per  biuheL 

Average  proAt  per  acre  (23  experiments),  $aa.oi. 


REMARKS  ON   THE  VOLUNTE^t  EXPERIMENTS   IN    I905. 

It  is  probable  that  the  yields,  expense  of  spraying  and  other 
data  given  for  the  volunteer  experiments  are  not  as  accurate  as 
are  those  given  for  the  farmers'  business  experiments.  The  former 
have  been  furnished  entirely  by  farmers,  some  of  whom  made  the 
experiments  merely  for  their  own  information  and  consequently 
were  not  as  careful  in  measuring  the  yields  as  they  would  have 
been  had  they  known  that  the  figures  were  to  be  published.  How- 
ever, the  increase  in  yield  due  to  spraying  has  in  all  cases  been 
determined  by  actual  measurement  or  weight  and  not  estimated. 
The  yields  given  in  Table  XII  refer  to  marketable  tubers  only, 
except  in  Experiments  No.  8  and  21  as  noted  below.  The  expense 
of  spraying  includes  both  labor  and  chemicals  and,  in  some  cases, 
also  an  allowance  for  wear  of  sprayer. 

Several  of  the  experiments  have  interesting  features  which  could 
not  be  shown  in  the  table ;  hence  they  are  brought  together  here. 

Experiment  No.  i. — The  dates  of  spraying  were  July  3,  il,  22, 
August  4,  16  and  29.  There  was  practically  no  loss  from  rot  either 
on  the  sprayed  or  unsprayed  rows.  The  difference  in  yield  {75  b«. 
per  acre)  was  due  to  the  longer  growth  on  the  sprayed  rows. 
"Spraying  appeared  to  prolong  the  life  of  the  vi*i?s  nhout  three 

"  Copied  from  Bulletin  264,  page  187. 
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weeks."     The  items  of  expense   for  spraying  six  acres  six  times 

were  as  follows : 

310  lbs.  copper  sulphate  @  sfic $17-83 

3a    "    paris  green  @  isJ4c 4.96 

Freight  on  copper  sulphate  and  paris  green .5a 

Lime 1.40 

78  hrs.  labor  for  man  ®  laj^c 9,75 

S8    "    labor  for  horse  @  loc 5,80 

Wear  on  sprayer  ( 10  per  cent,  of  cost) i  .60 

Total  $41.85 

Experiment  No.  2. — Report  obtained  through  the  courtesy  of 
Prof.  J.  L.  Stone  of  the  Cornell  University  Experiment  Station. 
The  potatoes  in  this  experiment  were  planted  very  late — July  3  and 
5 — following  a  crop  of  peas  grown  for  the  canning  factory. 

Experiment  No.  3. — ^The  test  rows  were  dug  and  measured  in 
the  presence  of  Prof,  J.  L,  Stone  through  whose  courtesy  we  are 
able  to  publish  the  retsults.  The  potatoes  were  sprayed  six  times, 
but  in  five  of  these  times  the  plants  were  gone  over  twice  so  that 
in  reality  the  number  of  sprayings  was  eleven.  At  digging  time 
the  sprayed  rows  showed  rot  to  the  amount  of  24  bu.  10  lbs.  per 
acre  while  on  the  unsprayed  rows  it  was  only  6  bu.  56  lbs.  per  acre. 
Concerning  this,  Prof.  Stone  writes  as  follows:  "As  Mr.  Cheney 
states,  it  seemed  that  there  were  fewer  diseased  potatoes  in  the 
unsprayed  area  because  the  decay  had  gone  on  so  repidly  that 
most  of  the  diseased  potatoes  had  disappeared  or  at  least  remained 
only  as  shriveled  skins,"  Mr.  Cheney  has  made  a  practice  of  spray- 
ing his  potatoes  during  the  past  twelve  years. 

Experiment  No.  4. — Spraying  reduced  the  loss  from  rot. 

Experiment  No.  $. — The  dates  of  spraying  were  July  10,  17. 
August  5  and  19,  Bordeaux  of  the  6-6-50  formula  was  applied 
at  the  rate  of  50  gallons  per  acre  in  the  first  three  sprayings  and 
75  gallons  per  acre  in  the  last  one.  Paris  green  at  the  rate  of  one 
pound  per  acre  was  applied  with  the  bordeaux  in  the  first  two 
sprayings.  On  the  same  dates  the  unsprayed  rows  were  treated 
with  paris  green  in  water.  The  unsprayed  rows  were  free  from 
rotten  tubers  while  on  the  sprayed  rows  the  loss  from  rot  was  at 
the  rate  of  25  bushels  per  acre. 
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Experiment  No.  6. — ^Used  one  nozzle  per  row  in  the  first  two 
sprayings  and  two  nozzles  per  row  in  the  last'  two.  The  unsprayed 
rows  died  three  weeks  earlier  than  the  sprayed  ones. 

Experiment  No.  7. — The  sprayed  rows  outlived  the  unsprayed 
ones  from  two  to  three  weeks.  There  were  quite  a  good  many 
more  rotten  tubers  on  the  sprayed  rows.  The  expense  oi  spraying 
ten  acres  five  times  was  $21  for  materials  and  $14  for  labor  (man 
and  team  four  days)  making  a  total  of  $35. 

Experiment  No.  8. — The  sprayed  rows  lived  ten  days  longer 
than  the  unsprayed  ones.  The  expense  of  spraying  ten  acres  five 
times  was  $1340  for  lime  and  blue  vitrol  and  $17.50  for  labor  (man 
and  team  five  days)  making  a  total  of  $30.90.  The  yields  ^ven 
in  the  table  are  for  unsorted  potatoes. 

Experiment  No.  p. — The  dates  of  spraying  were  August  25  and 
September  2  but  as  the  spraying  of  August  25  was  a  double  one 
it  seems  proper  to  consider  that  the  plants  were  sprayed  three 
times.  The  items  of  expense  for  spraying  one  and  one-half  acres 
three  times  were  as  follows; 

as     lbs.  copper  sulphate  @  5J4c 

3a      "    "new  process"  lime  @  ic 

6      hrs.  labor  for  man  @  15c 

3J4    "    labor  for  team  @  isc 

Use  of  sprayer 


Total $3 .  49 

Experiment  No.  10. — ^The  bordeaux  was  applied  at  the  rate  of 
30  gallons  per  acre  at  each  spraying,  but  Mr.  Prole  expresses  the 
Ofnnion  that  a  larger  quantity  would  have  given  better  results. 
Another  season  he  will  go  over  the  rows  in  both  directions  at  each 
8pra3Tng,  using  about  60  gallons  per  acre. 

Experiment  No.  Ii. — The  dates  of  spraying  were  July  8,  14, 
21,  August  I,  8,  17  and  28.  In  the  first  and  last  sprayings  the 
bordeaux  used  was  of  the  5-5-50  formula;  in  the  others  it  was 
4-4-50.  It  was  applied  at  the  rate  of  33  gallons  per  acre  each  time. 
Mr.  Lyday  thinks  one  additional  spraying  would  have  increased  the 
yield  still  further. 

Experiment  No.  is. — Seven  sprayings  were  made  between  July 
10  and  September  2.    Three  unsprayed  rows  48  rods  long  yielded 
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23  bushels,  while  three  sprayed  rows  on  one  side  yielded  35  bushels 
and  three  on  the  other  36  bushels.  Mr.  Roberts  believes  that  the 
early  sprayings  are  the  most  important. 

Experiment  No.  13. — In  addition  to  five  applications  of  bordeaux 
the  plants  were  treated  twice  with  paris  green.  The  sprayed  rows 
outlived  the  unsprayed  ones  by  three  weeks. 

Experiment  N'o.  14. — Ten  double  sprayings  (=20  single  spray- 
ings) were  made  between  June  30  and  September  7.  The  total 
quantity  of  bordeaux  used  on  i^Yi  acres  was  12,980  gallons  which 
is  at  the  rate  of  742  gallons  per  acre.  Check  rows  were  left  in 
three  different  lots.  In  Lot  No.  i  the  gain  due  to  spraying  was 
12b  bushels  per  acre;  in  Lot  No.  2  it  was  192  bushels  per  acre; 
and  in  Lot  No.  3,  98  bushels  per  acre.  The  average  gain  was 
136?^  bushels  per  acre.  The  total  yield  on  18  acres  (l7j4  a. 
sprayed  and  J^  a.  unsprayed)  was  4,825  bushels  which  is  at  the 
rate  of  26S  bushels  per  acre. 

Experiment  No.  15. — Most  of  the  field  on  both  sides  of  the  four 
unsprayed  rows  was  sprayed  four  times  and  gave  an  average  yield 
of  100  bushels  per  acre;  but  some  rows  at  one  side  of  the  field 
were  sprayed  seven  times.  These  rows  yielded  at  the  rate  of  123 
bushels  per  acre. 

Experiment  No.  16. — The  total  yield  on  14J4  acres  was  2,100 
bushels  which  is  at  the  rate  of  145  bushels  per  acre.  This  shows 
that  the  test  rows  were  located  in  a  representative  portion  of  the 
field. 

Experiment  No,  if. — The  unsprayed  rows  died  two  weeks  earlier 
than  the  sprayed  ones.    Spraying  reduced  the  loss  from  rot. 

Experiment  No.  18. — On  the  unsprayed  rows  the  loss  from  rot 
was  at  the  rate  of  38^  bushels  per  acre,  while  on  the  sprayed 
rows  it  was  28J4  bushels  per  acre. 

Experiment  No.  ip. — The  loss  from  rot  was  the  same  on  sprayed 
and  unsprayed  rows;  viz.,  21  bushels  per  acre.  This  field  of  five 
acres  was  the  only  one  in  the  vicinity  of  Beaver  Dams  which  was 
sprayed  in  1905. 

Experiment  No.  so. — The  test  rows  were  dug  and  weighed  in  the 
presence  of  a  Station  representative. 

Experiment  No.  21. — The  yields  given  are  for  unsorted  potatoes. 
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Experiment  No.  Z2. — In  this  experiment  the  net  profit  from 
spraying  was  at  the  rate  of  $37  per  acre.  Mr.  E.  Hag^erty  o£ 
Clifton  Springs  witnessed  the  dig^ng  and  weighing  of  the  test  rows. 
The  loss  from  rot  was  at  the  rate  of  4  bu.  33  lbs.  per  acre  on  the 
sprayed  rows  and  4  bu.  16  lbs.  on  the  unsprayed  rows. 

Experiment  No.  23. — The  test  rows  were  much  injured  by  ex- 
cessive rain  in  late  spring.    No  rot. 

Experiment  No.  24. — The  unsprayed  rows  were  "  dead  several 
weeks  before  the  sprayed  ones."    No  rot. 

Experiment  No.  25. — The  unsprayed  rows  were  dead  within  two 
weeks  after  the  first  appearance  of  blight. 

Experiment  No.  s6. — The  unsprayed  row  was  only  sli^tly  in- 
jured by  bhght. 

Experiment  No.  2^. — The  loss  from  rot  was  17^4  bu.  per  acre 
on  the  sprayed  rows  and  24  1-6  bushels  on  the  unsprayed  rows. 
Mr.  Bennett  thinks  that  more  thorough  spraying  would  have  given 
better  results. 

Experiment  No.  28. — A  part  of  the  ten  acres  was  sprayed  five 
times,  a  part  three  times  and  the  remainder  only  twice.  The  yields 
given  in  the  table  are  for  test  rows  located  in  the  portion  of  the 
field  sprayed  five  times. 

Experiment  No.  29. — There  were  only  four  applications,  but  in 
the  last  two  applications  the  plants  were  gone  over  twice  each  time. 
Hence,  the  number  of  sprayings  is  given  as  six.  The  unsprayed 
rows  were  severely  injured  by  flea  beetles  and  slightly  also  by  bugs. 
There  was  a  marked  difference  in  the  amount  of  rot.  On  the 
unsprayed  rows  the  loss  from  rot  was  34%  bu.  per  acre,  while  aa 
two  sprayed  rows  50  rods  Itoig  there  were  but  nine  rotten  tubers. 

Experiment  No.  30. — Report  obtained  through  the  courtesy  of 
Prof.  J.  L.  Stone.  Five  double  sprayings  (^  10  single  sprayings) 
were  made.  The  total  yield  of  20  acres  was  5,383  bushels,  which  is 
at  the  rate  of  269  bu.  per  acre.  At  digging  time  the  market  price 
of  potatoes  in  Ithaca  was  60  cents  per  bushel,  but  the  crop  was  sold 
later  at  70  cents  per  bushel.  The  actual  net  profit  from  spraying 
in  this  experiment  was  $70  per  acre. 

Experiment  No.  31. — At  digging  time  the  yield  of  sprayed  and 
unsprayed  rows  was  measured  but  not  recorded.  The  yields  given 
in  the  table  are  estimates.     However,  Mr.  Chamberlin  remembers 
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distinctly  that  the  difference  between  sprayed  and  unsprayed  rows 
was  just  one  bushel  on  two  rows  34  rods  long  which  is  at  the  rate 
of  11^  bushels  per  acre.  Excessively  wet  weather  is  largely  re- 
sponsible for  the  small  yields. 

Experiment  No.  32. — One  row  near  the  center  of  the  field  was 
left  unsprayed.  The  gain  due  to  spraying  amounted  to  one  bushel 
per  hundred  hills  or  54  bu.  27  lbs.  per  acre.  The  total  yield  on 
6j4  acres  was  1,500  bushels  which  is  at  the  rate  of  230  bu,  46  lbs. 
per  acre. 

Experiment  No.  S3- — The  bordeaux  was  applied  five  times  at  the 
rate  of  60  gallons  per  acre.  The  expense  of  spraying  includes  only 
laEjor  and  chemicals.    No  allowance  is  made  for  wear  of  sprayer. 

Experiment  No.  $4- — Unsprayed  rows  were  left  in  each  of  three 
varieties.  On  the  variety  Carman  the  gain  due  to  spraying  was 
63  bushels  per  acre ;  on  Mammoth  Whiton,  34J-2  bushels ;  and  on 
Rural  New  Yorker  No.  2,  68>^  bushels,  making  an  average  gain 
of  55M  bushels  per  acre. 

Experiment  No.  35. — The  percentage  of  rot  was  very  much  less- 
ened by  spraying. 

Experiment  No.  36. — One  half  acre  was  sprayed  four  times,  % 
acre  twice,  one  acre  once  and  yi  acre  left  unsprayed.  The  half 
acre  sprayed  four  times  yielded  143  bu.  23  lbs.  or  at  the  rate  of 
286  bu.  46  lbs.  per  acre;  while  the  unsprayed  half  acre  yielded 
(Mily  72  bu.  36  lbs.  or  at  the  rate  of  145  bu.  12  lbs.  per  acre.  On 
the  unsprayed  half-acre  the  loss  from  rot  was  heavy ;  on  the  sprayed 
half-acre  much  less. 

Experiment  .Vo.  57.— Tlie  loss  from  rot  was  at  the  rate  of  one 
bushel  per  acre  on  the  sprayed  rows  and  29  bushels  per  acre  on  the 
unsprayed  ones. 

Experiment  No.  38. — There  was  apparently  but  little  blight,  yet 
there  was  some  rot  both  on  sprayed  and  unsprayed  rows. 

Experiment  No.  39. — The  sprayed  rows  outlived  the  unsprayed 
ones  about  12  days.  On  sprayed  rows  the  loss  from  rot  was  about 
II  bu.  per  acre  and  on  the  unsprayed  ones  22  bu.  per  acre. 

Experiment  No.  40. — In  this  experiment  the  enormous  gain  was 
mostly  due  to  the  prevention  of  rot.  About  three-fourths  of  the 
unsprayed  potatoes  rotted  «-hile  there  was  only  a  little  rot  among 
the  sprayed  ones. 
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Experiment  Xo.  41. — The  unsprajcd  rows  died  two  weeks  earlier 
tlian  the  sprayed  ones. 

Experiment  No.  42. — The  potatoes  were  sprayed  twice  with  bor- 
deaux and  paris  green  and  treated  once  besides  with  paris  green 
in  water,  Mr.  GraeflF  states  that  three  applications  of  paris  green 
for  bugs  would  have  been  required  anyway  so  that  the  extra  ex- 
pense of  spraying  for  blight  was  only  the  cost  of  materials.  "  There 
was  no  noticeable  difference  as  to  rot  between  the  sprayed  and 
uns  prayed." 

Experiment  No.  43. — The  sprayed  rows  were  killed  by  frost 
about  a  week  after  the  unsprayed  rows  died  from  blight. 

Experiment  No.  44. — ^The  unsprayed  rows  were  not  affected  by 
blight 

Experiment  No.  45. — The  gain  due  to  spraying  is  based  on  the 
difference  in  yield  between  an  unsprayed  row  and  a  sprayed  one 
fifteen  feet  distant.  Mr.  Buchanan  estimates  that  where  he  sprayed 
at  least  one-fifth  of  the  crop  rotted  and  on  unsprayed  rows  the 
Joss  was  still  greater. 

Experiment  No.  46. — ^Very  little  blight  and  no  rot  in  this  experi- 
ment. 

Experiment  No.  4^. — The  sprayed  rows  lived  two  weeks  longer 
than  the  unsprayed  ones.  The  total  yield  of  11  acres  was  2,247 
bushels  which  is  at  the  rate  of  204  bushels  per  acre. 

Experiment  No.  48. — In  this  experiment  the  expense  of  spray- 
ing includes  the  cost  of  water  which  was  purchased  at  three  cents 
per  barrel.  The  spraying  consisted  of  three  single  applications  and 
one  double  one  or  five  in  all. 

Experiment  No.  4p. — A  portion  of  the  field  was  sprayed  only 
five  times.     Spraying  lessened  the  amount  of  rot. 

Experiment  No.  ^o. — The  items  of  expense  for  spraying  12  acres 
ten  times  were  as  follows: 
6as  lbs.  copper  sulphate  @  6c $37.50 

3  bbL  lime  @  $1.75 5.a5 

40  hrs.  labor  for  two  men  @  20c.   ig.6o 

24    "    labor  for  single  horse  @  loc 2. 40 

as     "    labor  for  team  (g  20c 5 .00 

46  lbs.  paris  green  @  i6j4c 7.59 

37    "    paris  green  @  17HC 4.73 

Wear  on  sprayer  15, 00 


Total  . 
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The  test  rows  were  in  a  two-acre  field  which  was  dug  after  the 
vines  were  dead,  but  before  the  time  when  potatoes  rotted  badly. 
In  this  field  there  was  practically  no  rot  on  either  the  sprayed  or 
unsprayed  rows.  The  remaining  ten  acres  were  dug  later,  after 
the  rot  epidemic,  and  tlie  loss  from  rot  was  estimated  at  40  to  50 
bushels  per  acre.  As  unsprayed  fields  in  the  same  vicinity  did 
not  rot  to  any  extent  Mr.  Foster  believes  that  his  actual  gain  from 
spraying  was  not  as  great  as  the  yield  of  the  test  rows  indicate. 
For  further  discussion  of  this  experiment  see  page  185. 

The  writers  take  this  opportunity  to  heartily  thank  the  gentle- 
men who  have  furnished  the  reports  of  their  volunteer  experiments 
for  publication.  Potato  growers  throughout  the  State  are  under 
obligations  to  them. 

SODA  BORDEAUX  VS.  LIM^  BORDEAUX. 
It  has  been  stated  that  soda  bordeaux  is  superior  to  lime  bor- 
deaux for  spraying  potatoes,  but  experiments  of  the  past  two  year^ 
show  that  this  is  probably  not  true.  In  an  experiment  made  by 
this  Station  in  1904  lime  bordeaux  gave  better  results  by  i6j5 
bushels  per  acre.^  Another  experiment  in  1905  resulted  in  a 
difference  of  nine  bushels  per  acre  in  favor  of  lime  bordeaux.  The 
latter  experiment  included  fifteen  rows  each  290;^  feet  long.  Five 
were  sprayed  four  times  with  soda  bordeaux  (made  with  six  pounds 
of  copper  sulphate  and  seven  and  one-half  pounds  of  sal  soda  to 
50  gallons),  five  with  lime  bordeaux  (6-4-50  formula)  and  the 
other  five  were  not  sprayed.  The  sprayed  and  unsprayed  rows 
alternated  as  in  the  ten-year  experiment.  The  spraying  was  done 
with  a  knapsack  sprayer  and  very  thoroughly  by  going  over  each 
row  twice — out  on  one  side  and  back  on  the  other.  The  dates  of 
spraying  were  June  30,  July  :o,  August  i  and  2,  and  August  23, 
In  the  first  three  sprayings  paris  green  was  used  with  both  kinds  of 
bordeaux  and  on  the  same  dates  the  unsprayed  or  check  rows  were 
treated  with  the  same  quantity  of  paris  green  in  lime  water.^ 

"For  details  of  this  experiment  see  Bulletin  264,  pages  187-194. 
"Ten  ounces  of  paris  green  to  50  gallons  in  the  first  spraying  and  one 
pound  to  so  gallons  in  the  second  and  third  sprayiw 
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TabLB  XIII. — ^YlBU>3  IH  THB  SODA  BORDBAUX  EXPBBIUKHT, 
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The  potatoes  were  dug  October  23  and  sorted  into  two  grades — 
sound  tubers  of  marketable  size  and  sound  tubers  below  market- 
able size.  No  account  was  taken  of  rotten  tubers.  The  yields  are 
shown  in  Table  XIII. 

In  each  of  the  first  three  sections  of  the  experiment  the  soda 
bordeaux  gave  slightly  better  results,  while  in  the  last  two  sections 
lime  bordeaux  was  considerably  in  the  lead  so  that  on  the  average 
there  was  a  difference  of  9  bu,  20  lbs.  of  marketable  tubers  per 
acre  in  favor  of  the  lime  bordeaux.  The  average  yields  for  the  three 
kinds  of  treatment  were  as  follows : 

Sprayed  wilk  lime  bordeaux,  zoi  (w.  10  lbs.  markelabU  tubers  per  acre. 
Sprayed  with  soda  bordeaux,  i^i  hu.  50  lbs.  marketable  tubers  per  acre. 
Utuprayed,  81  bu.  so  lbs.  marketable  tubers  per  acre. 

The  rows  sprayed  with  lime  bordeaux  outyielded  the  unsprayed 
rows  by  i20|^  bushels  per  acre.  The  unsprayed  rows  died  early 
from  blight  and  bugs.  Although  the  unsprayed  rows  received  the 
same  amount  of  paris  green  as  did  the  sprayed  rows  and  it  was 
applied  on  the  same  dates  and  with  equal  thoroughness,  they  were, 
nevertheless,  much  more  severely  injured  by  bugs  than  were  the 
sprayed  rows.  This  is  only  another  example  of  the  well  known 
fact  that  bordeaux  assists  in  the  control  of  bugs. 

No  attempt  was  made  to  determine  accurately  the  loss  from  rot 
in  this  experiment.  It  seems  to  be  about  the  same  as  in  the  ten- 
year  experiment.    (See  page  128).    In  this  respect  there  was  appar 
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ently  no  difference  between  the  rows  sprayed  with  lime  bordeaux 
and  those  sprayed  with  soda  bordeaux. 

Further  experimental  evidence  on  the  relative  value  of  these 
two  kinds  of  bordeaux  for  potatoes  is  furnished  by  an  experiment 
made  by  F,  A,  Sirrine  at  Riverhead,  Long  Island,  in  1905.  A  plat 
of  potatoes  containing  eight  rows  235  feet  long  and  sprayed  four 
times  with  lime  bordeaux  yielded  at  the  rate  of  211  bushels  per 
acre,  while  another  plat  of  eight  rows  similarly  sprayed  with  soda 
bordeaux  yielded  only  176  bushels  per  acre,  making  a  difference  of 
35  bushels  per  acre  in  favor  of  the  lime  bordeaux.  The  two  plats 
were  only  two  rows  apart. 

Certainly,  the  results  of  these  experiments  are  not  favcffable  to 
soda  bordeaux.  The  most  that  can  be  said  for  soda  bordeaux  is 
that  it  is  probably  about  equal  to  lime  bordeaux  in  efficiency  and 
that  its  mechanical  condition  is  slightly  better.  Poisons  can  not  be 
used  as  safely  with  it  as  with  lime  bordeaux.  We  advise  the  use 
of  lime  bordeaux. 


BORDEAUX  WITH  PARIS  GREEN  VS.  BORDEAUX 

ALONE. 
The  Station  made  an  experiment  on  this  in  1904.  There  was  no 
injury  to  the  foliage  and  the  yield  was  in  favor  of  bordeaux  with 
paris  green  by  jYz  bushels  per  acre.**  Another  experiment  was 
made  in  1905.  Again  there  was  no  injury  to  the  foliage  and  the 
yield  was  in  favor  of  bordeaux  with  paris  green  by  five  bushels  per 
acre.  In  the  latter  experiment  there  were  15  rows  86  feet  long. 
Five  rows  were  sprayed  five  times  with  bordeaux  and  paris  green 
(one  pound  to  fifty  gallons),  five  with  bordeaux  only  and  the  other 
five  (checks)  with  paris  green  in  lime  water  (one  pound  to  fifty 
gallons).  The  rows  of  the  different  treatments  alternated  with  each 
other  as  in  the  ten-year  experiment.  The  spraying  was  done  with 
a  knapsack  sprayer  very  thoroughly  and  as  uniformly  as  iX)3Sible. 
The  quantity  of  bourdeaux  used  varied  from  100  to  300  gallons  pa- 
acre  in  diflferent  sprayings  according  to  the  size  of  the  plants.  In 
order  to  make  sure  that  the  bordeaux  used  was  the  same  in  both 
cases  the  following  method  was  employed  in  each  spraying:     A 

"Details  of  this  experiment  given  in  Bulletin  267,  pp.  269-27^^^  itHtVH^ 

o 
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quantity  of  bordeaux  was  prepared,  A  part  of  this  was  tiseil  for 
spraying  the  rows  which  were  to  receive  bordeaux  only ;  then  paris 
green  was  added  to  the  remainder  and  the  rows  which  were  to 
receive  bordeaux  with  paris  green  were  sprayed  The  dates  of 
spraying  were  June  29,  July  6,  July  20,  August  7  and  August  21. 

At  the  beginning  of  the  experiment  it  was  the  intention  to  keep 
the  bordeaux-only  rows  free  from  bugs  by  hand  piiiang  as  in  the 
experiment  in  1904 ;  but  after  one  picking  it  was  found  that  this 
could  be  much  more  easily  accomplished  by  very  thorougii  spraying 
with  bordeaux  just  after  the  bugs  were  hatched.  In  this  in:nner 
the  bugs  were  kept  entirely  under  control  so  that  they  were  elimi- 
nated from  the  experiment," 

"  In  this  experiment  and  also  in  the  experiment  with  arscnite  of  soda, 
page  179  it  was  shown  that  bugs  may  be  controlled  with  bordeaux  mixture 
alone  provided  the  spraying  is  done  just  after  the  bugs  have  hatched  and 
very  thoroughly.  But  for  this  fact  this  experiment  could  not  have  been 
carried  through  properly.  After  the  first  spraying  of  June  39  a  few  bugs 
remained  alive  and  these  were  removed  by  hand  picking  July  3.  On  July  s, 
we  were  dismayed  to  And  all  of  the  plants  swarming  with  young  bugs.  Of 
course  it  was  to  be  expected  that  on  the  rows  treated  with  paris  green  they 
would  be  poisoned  before  they  could  do  harm;  but  on  the  rows  sprayed  with 
bordeaux  alone  they  would  surely  injure  the  plants  and  thereby  ruin  the 
experiment.  For  the  most  part,  the  bugs  were  located  among  the  small  young 
leaves  in  the  tops  of  new  shoots.  To  have  removed  them  by  hand  picking 
would  have  been  a  tedious  operation,  besides  it  could  not  well  have  been 
accomplished  without  considerable  mutilation  of  the  plants.  In  this  emerg- 
ency we  decided  to  try  bordeaux  mixture.  Accordingly,  the  second  spraying 
was  made  July  6,  or  about  a  week  earlier  than  it  would  have  been  made  had 
not  this  trouble  with  bugs  arisen.  The  operator  was  instructed  to  give 
special  attention  to  the  new  growth  and  to  spray  very  thoroughly.  Twenty- 
four  hours  after  the  spraying  most  of  the  bugs  had  disappeared  on  the 
"  bordeaux-only  "  rows  as  well  as  on  those  on  which  poison  had  been  used. 
The  bugs  still  in  evidence  appeared  uneasy.  Some  were  traveling  on  Ch« 
grotmd  under  the  plants.  Practically  all  of  them  disappeared  so  that  no  harm 
vas  done  to  the  plants  and  no  further  hand  picking  or  other  treatment  for 
bugs  was  necessary.  Whether  the  bugs  were  actually  killed  by  the  bordeaux 
could  not  be  determined,  but  they  certainly  disappeared. 

Although  this  experiment  was  entirely  successful  we  do  not  believe  that 
farmers  should  attempt  to  control  bugs  by  the  use  of  bordeaux  alone.  The 
method  is  too  expensive  and  requires  too  much  care.  To  be  successful  the 
•praying  must  be  done  with  extreme  thoroughness  and  while  the  bugs  are 
very  small.  Nevertheless  the  results  have  a  direct  bearing  on  practical 
potato  spraying.  They  show  that  the  bordeaux  is  not  only  a  preventive  of 
blight,  but  also  an  aid  in  the  control  of  bugs  and  should  be  used  with  the 
poison  whenever  it  is  necessary  to  combat  bugs. 

12  r,!  -I'^diy,  \^jimvn^- 
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Throughout  the  season  there  was  no  apparent  di£Eerence  in  the 
appearance  of  the  fohage  on  the  rows  sprayed  with  bordeaux  <mly 
and  that  on  the  rows  sprayed  with  bordeaux  and  paris  green.  There 
was  no  indication  that  the  paris  green  in  the  bordeaux  was  injurious 
to  the  foliage.  The  check  rows  receiving  paris  green  in  lime  water 
blighted  considerably  and  died  somewhat  prematurely,  but  there  was 
no  evidence  that  the  foliage  was  injured  by  paris  green. 

The  potatoes  in  this  experiment  were  dug  by  hand  October  26. 
The  yields  are  shown  in  the  following  table : 

Tablb  XIV. — Showimo  Yields  ih  Paris  Grbbn  Bxperimbnt. 
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Difference  in  favor  of  bordeaux  with  Paris  green,  5  bu.  4  lbs.  per 
acre. 

The  results  of  these  experiments  agree  with  the  experience  of 
potato  growers  who  practice  spraying.  During  the  past  four  years 
the  writers  have  been  close  observers  of  potato  spraying  and  have 
seen  no  evidence  that  potatoes  are  in  any  way  injured  by  paris 
green  properly  applied;  viz.,  in  moderate  amount  (one  to  two 
pounds  per  acre)  with  bordeaux  mixture. 

In  a  former  experiment  it  was  shown  that  paris  green  has  some 
value  as  a  preventive  of  potato  blight.**  With  this  fact  in  mind 
some  potato  growers  have  raised  the  question  as  to  the  advisability 
of  using  paris  green  with  the  bordeaux  regularly.  Our  opinion  is 
that  it  would  not  be  profitable.  Paris  green  should  be  added  only 
when  there  are  bugs  or  flea  beetles  to  poison. 

"  See  Bulletin  267  of  this  Station,  page  272- 
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BORDEAUX  WITH  ARSENITE  OF  SODA  VS.  BOR- 
DEAUX ALONE. 

In  an  experiment  made  at  this  Station  in  1904  potato  rows 
sprayed  with  bordeaux  mixture  conlaining  arsenite  of  soda  as 
poison  yielded  34  bushels  per  acre  less  than  rows  sprayed  with 
bordeaux  mixture  alone.^  As  there  was  no  apparent  injury  to  the 
foliage  this  reduction  in  yield  was  attributed  to  unequal  conditions 
in  the  experiment  rather  than  to  the  arsenite.  However,  it  was 
deemed  advisable  to  make  the  following  experiment  in  1905 : 

In  a  plat  of  58  rows  108  feet  long  every  other  row  was  sprayed 
five  times  with  bordeaux  and  arsenite  of  soda  (one  quart  of  stock 
solution^  to  50  gallons),  while  the  alternating  29  rows  were  sprayed 
with  bordeaux  only.  As  in  the  paris  green  experiment,  care  was 
taken  to  have  the  bordeaux  of  uniform  character  and  uniformly 
applied.  (At  the  rate  of  100  to  300  gallons  per  acre  in  the  different 
sprayings.)  The  bordeaux  was  made  by  the  i-to-S}-^  formula  with 
lime  in  moderate  excess  of  the  quantity  required  to  satisfy  the 
potassium  fcrro-cyanide  test.  The  frequent  and  thorough  spray- 
ing kept  the  bugs  so  well  under  control  that  but  one  hand  picking 
was  required  even  on  the  bordeaux-only  rows.^"  About  July  20 
all  of  the  rows  were  slightly  injured  by  bugs,  but  so  far  as  could 
be  determined  there  was  no  more  damage  to  the  bordeaux-only 
rows  than  to  those  receiving  the  arsenite.  The  dates  of  spraying 
were  July  i,  6-7,  20,  August  4-5  and  21-22. 

■  Reported  in  Bulletin  267,  pages  378-284. 

"  Prepared  by  the  Kedzie  formula  as  follows : — 

White  arsenic   pounds  a 

Sal  soda ponnds  8 

Water gallons  a 

Boil  until  the  arsenic  is  all  dissolved  which  will  take  about  15  minutes. 

"The  second  spraying  made  July  6  and  7  was  entirely  successful  in  de- 
stroying swarms  of  young  bugs  as  in  the  paris  green  experiment  (See  fool- 
note  No.  31  on  page  177.  Even  on  the  bordeaux-only  rows,  so  few  bugs 
survived  that  it  was  thought  unnecessary  to  remove  them  by  hand  picking. 
However,  by  July  18  quite  a  good  many  bugs  were  in  evidence,  many  of 
them  being  half-grown  slugs.  Having  in  mind  our  previous  success  we  had 
little  doubt  that  the  bugs  could  be  managed  by  spraying.  By  accident,  the 
first  rows  which  should  have  been  sprayed  with  hordeaux  and  arsenite  were 
sprayed  with  bordeaux  only.    This  error  made  it  necessary  to  spray  the 
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At  no  time  during  the  season  did  the  difference  in  treatment 
seem  to  have  any  efEect  on  the  foliage.  The  yields  were  as  fol- 
lows: 


Tablb  XV. 
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We  believe  the  results  of  this  experiment  to  be  trustworthy. 
They  indicate  that  the  arsenite  of  soda  may  be  used  safely  with 
bordeaux  at  the  rate  of  one  quart  of  the  stock  solution  (Kedzie 
formula)  to  fifty  gallons.  Probably  considerably  larger  propor- 
tions of  the  arsenite  would  not  be  harmful.  Arsenite  of  soda  is  a 
cheaper  poison  than  paris  green  and  remains  in  suspension  better. 
Based  on  the  arsenic  it  contains  one  quart  of  arsenite-of-soda  stock 
solution  is  equivalent,  in  poisoning  properties,  lo  eight  ounces  of 
paris  green. 

DOES  BORDEAUX  MADE  WITH  COLD  WATER  INJURE 
POTATO  FOLIAGE? 
In  making  bordeaux  for  potatoes  is  it  safe  to  use  very  cold  water 
such  as  comes  from  deep  wells?  Will  the  foliage  be  injured?  Such 
questions  as  these  are  asked  occasionally.  Some  potato  growers 
hold  that  spraying  potatoes  with  very  cold  bordeaux  on  a  hot, 
sunny  day  causes  injury  to  the  foliage.  They  advise  that  water 
from  deep  wells  be  allowed  to  stand  in  the  air  and  warm  before  it 
is  used  for  spraying  potatoes. 

entire  experiment  with  bordeaux  alone.  Only  the  younger  bugs  disappeared. 
The  half-grown  slugs  continued  their  depredations.  Accordingly,  on  July  20 
the  spraying  was  repeated  and  this  time  done  properly.  At  the  same  time 
the  bi^  on  the  bordeaux-only  rows  were  hand  picked  and  there  was  no 
further  trouble.  This  experience  leads  to  the  conclusion  that  while  newly- 
hatched  bugs  may  be  successfully  fought  by  thorough  spraying  with  bordeaux 
alone,  half-grown  slugs  can  not  be  controlled  in  that  way.  Even  when 
poisons  are  used  bugs  are  much  more  easily  killed  while  they  are  small. 


dbvCiooj^lc 
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In  order  to  secure  definite  information  on  this  point  the  fol- 
lowing experiment  was  made  on  the  Station  grounds  in  1905:  Six 
rows  of  potatoes,  290"^  feet  long  and  of  the  variety  Rural  New 
Yorker  No.  2  were  planted  especially  for  the  experiment.  Rows 
I,  3  and  5  were  sprayed  three  times  with  cold  bordeaux,  while 
Rows  2,  4  and  6  were  sprayed  on  the  same  dates  with  warm  bor- 
deaux about  the  temperature  of  the  air.  The  spraying  was  done 
with  a  knapsack  sprayer  and  very  thoroughly.  The  temperature 
was  obtained  immediately  before  spraying  commenced  by  thrusting 
a  thermometer  into  the  knapsack  after  it  was  in  position  on  the 
back  of  the  operator.  Two  knapsackfuls  were  required  to  spray 
three  rows  and  in  the  case  of  the  cold  bordeaux  it  was  difficult  to 
get  the  same  temperature  in  both.  This  explains  why  two  tem- 
peratures are  given  in  the  "  cold  bordeaux "  column  of  the  table 
below.  The  low  temperatures  were  obtained  by  the  use  of  cracked 
ice.  The  following  table  shows  in  condensed  form  the  conditions 
under  which  the  experiment  was  made: 


Tablb  XVI. — Conditions 

IN  THB  Ekpbrimbnt  of  Cold  vs. 
Bordeaux. 

Wakh 

B„..,S,..,„.. 

bordeaux. 

Trmperature   TemperBture 
of  wirm              of  the 
bordtau:..    |           air. 

^.^. 

Dii.  Fakr.       Dig.  FoAr. 

^*          is 

70  1 

Bs^::EEE:{::::{::. 

iiii 

At  no  time  during  the  experiment  was  there  any  evidence  that 
the  cold  bordeaux  had  injured  the  foliage  and  when  the  potatoes 
were  dug  it  was  found  tliat  the  rows  sprayed  with  cold  bordeaux 
outyielded  those  sprayed  with  warm  bordeaux  at  the  rate  of  4)4 
bushels  per  acre.  This  difference  in  yield  may  have  been  due  to 
other  causes  than  the  difference  in  temperature  of  the  bordeaux 
used,  but  being  in  favor  of  the  cold  bordeaux  it  removes  all  doubt 
as  to  the  injurious  effect  of  cold  bordeaux.  The  results  of  this 
experiment  seem  to  justify  the  opinion  that  no  attention  need  be 
paid  to  the  temperature  of  the  water  used  in  making  bordeaux  for 
spraying  potatoes.^" 

"This  statement  applies  only  to  the  effect  on  the  foliage.  In  this  experi- 
ment no  special  attempt  wa^  made  to  determine  the  effect  of  the  temperature 
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POTATO  TROUBLES  IN  NEW  YORK  IN  1905. 
Over  the  greater  part  of  the  State  the  season  of  1905  was  char- 
acterized by  heavy  losses  from  blight  and  rot.  Throughout  the 
growing  season  there  was  an  abundance  of  rain  in  most  localities. 
Floods  in  June  caused  much  damage  to  potatoes  on  low  ground 
and  heavy  rains  in  the  latter  part  of  September  and  fore  part  of 
October  brought  about  an  epidemic  of  potato  rot.  Many  potato 
fields  were  killed  by  frost  on  September  14  and  the  remainder  on 
September  26.  Had  it  not  been  for  the  early  frost  several  of  the 
experiments  reported  in  this  bulletin  would  have  shown  consider- 
ably larger  gains  due  to  spraying. 

Late  blight,  Phytophthora  infestans,  was  destructive  in  nearly 
all  parts  of  the  State.  The  earliest  outbreak  of  this  disease  of 
which  we  have  definite  knowledge  occurred  in  the  vicinity  of 
Sagaponack  and  Wainscott  in  the  eastern  part  of  Long  Island. 
Here,  one  of  the  writers  found  it  already  well  established  on  July 
1  and  Mr.  J.  S.  Strong,  a  farmer  of  Wainscott,  states  that  he 
observed  it  as  early  as  June  25.  On  July  2  it  was  found  near 
Riverhead  and  on  July  5  at  Mattituck.  It  is  reported  to  have 
appeared  in  a  garden  at  Phelps  about  July  20,  but  the  first  speci- 
mens seen  by  us  (excepting  those  from  Long  Island)  came  from 
Homell  where  they  were  collected  July  28.  On  August  I  we  found 
it  on  early  potatoes  at  Atlanta,  Steuben  County.  Although  care- 
fully sought,  no  trace  of  late  blight  was  found  at  Geneva  until 
August  12. 

Early  potatoes  were  not  afEected  with  rot,  but  the  late  varieties 
suffered  severely.  In  the  Hudson  Valley  there  was  less  loss  from 
rot  and  blight  than  in  any  other  part  of  the  State.  This  region 
suffered  from  drought  in  July  as  did  also  Long  Island. 

The  record  for  early  blight,  AUernaria  solani,  and  flea  beetles 
is  about  the  same  as  in  1904.  Early  blight  was  rarely  destructive 
except  on  Long  Island  where  it  was  an  important  factor  in  many 

of  the  water  on  the  mechanics.]  condition  of  the  bordeaux.  However,  it  was 
observed  that  forty-degree  bordeaux  prepared  by  mixing  copper  sulphate 
Kdution  having  a  temperature  somewhat  below  40  degrees  Fahr.  with  milk 
of  lime  also  below  40  degrees  had  apparently  as  good  mechanical  condition  as 
had  bordeaux  made  with  the  component  solution  at  about  70  degrees  Fahr, 
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fields.  Flea  beetles  appeared  in  injurious  numbers  at  several 
different  points  in  the  State,  but  were  especially  numerous  and 
destructive  on  Long  Island  during  tlie  last  ten  days  in  July. 

Colorado  potato  beetles  or  "  bugs  "  were  unusually  troublesome. 
In  many  fields  the  plants  were  stripped  of  their  foliage  in  spite  of 
efforts  made  to  control  them.  In  some  localities  the  demand  for 
pans  green  exceeded  the  available  supply  with  the  result  that  local 
prices  were  materially  advanced. 

Judging  from  the  results  of  numerous  experiments  the  loss  from 
blights,  rot  and  flea  beetles  in  unsprayed  fields  could  not  have  been 
less  than  fifty  bushels  per  acre  on  the  averj^e.  In  the  13  farmers' 
business  experiments  the  average  gain  due  to  spraying  was  465^ 
bushels  per  acre,  while  50  volunteer  experimenters  reported  gains 
averaging  $gj/2  bushels  per  acre ;  and  it  should  be  borne  in  mind  that 
these  figures  represent  only  a  part  of  the  damage  done  by  blight  and 
rot,  because  in  only  a  few  of  the  experiments  was  either  the  blight 
or  the  rot  completely  controlled. 

DOES  SPRAYING  PREVENT  ROT? 

It  is  generally  stated  that  spraying  will  prevent  that  rot  of  the 
tubers  which  often  follows  an  attack  of  late  bUght,  Phytophtkora 
infestans.  The  theory  advanced  is,  that  spraying  prevents  the 
growth  of  the  blight  fungus  on  the  leaves  so  that  there  are  no 
spores,  or  at  least  fewer  spores,  to  fall  upon  the  ground  and  cause 
rot;  hence  there  should  be  less  rot  where  the  plants  have  been 
sprayed. 

As  a  matter  of  fact  there  are  on  record  numerous  experiments 
in  which  it  was  shown  conclusively  that  the  loss  from  rot  was 
greatly  reduced  by  spraying.  Probably  the  most  notable  example 
is  an  experiment  made  by  Jones  and  Morse  *^  at  the  Vermont 
Station  in  1904  in  which  unsprayed  potatoes  rotted  at  the  rate  of 
245  bushels  per  acre  while  among  sprayed  potatoes  under  condi- 
tions otherwise  parallel  the  loss  from  rot  was  only  27  bushels  per 
acre. 

However,  there  are  also  on  record  instances  in  which  spraying 
had  no  appreciable  effect  in  reducing  the  amount  of  rot ;  and  it 

"  Jones.  L.  K,   4  Morse,  W.  J.  Vt.  Agr.  Exp.  Sta.  Rep.  I? :  38g,  390. 
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has  been  the  custom  to  explain  such  cases  by  assuming  that  the 
rot  in  question  was  not  the  late  blight  rot,  but  the  dry  rot 
(Fusarium  oxysporum)  or  the  bacterial  wet  rQt.  (Bacillus  solana- 
cearum),  two  diseases  which  work  only  below  ground  and  hence 
are  not  preventable  by  spraying. 

At  various  times  during  the  past  four  years  this  matter  has  been 
brought  to  our  attention  by  farmers  who  complained  that  they  had 
failed  to  prevent  rot  by  spraying  and  some  of  them  even  claimed 
that  spraying  encourages  rot.  Accordingly,  we  took  advantage  of 
the  excellent  opportunity  afforded  by  the  rot  epidemic  of  1905  to 
make  some  observations  along  this  line.  The  result  is  that  our 
views  on  the  subject  have  changed  somewhat.  Briefly  stated  our 
conclusion  is  as  follows;  The  general  tendency  of  spraying  is  to 
reduce  the  amount  of  rot.  In  most  cases  the  reduction  is  very 
marked ;  in  some  cases  there  is  no  difference  and  occasionally  spray- 
ing increases  the  amount  of  rot.  It  depends  on  weather  conditions 
and  the  thoroughness  of  spraying.  But  whatever  the  effect  on  rot, 
sprayed  plants  invariably  give  a  larger  yield  of  marketable  tubers. 

It  must  be  admitted  that  under  certain  conditions  spraying  in- 
creases rather  than  diminishes  the  amount  of  rot.  For  specific 
instances  see  the  Cortland  experiment,  p.  141,  the  Cassville  ex- 
periment, p.  143,  and  Volunteer  Experiments  Nos.  5  and  7,  page  168. 
The  explanation  seems  to  be  as  follows:  Rot  is  brought  about 
chiefly  by  spores  which  fall  from  the  blighted  leaves  to  the  ground 
and  are  carried  by  rain  down  through  the  soil  to  the  tubers.  These 
spores  are  delicate  and  readily  killed  by  drying.  Unsprayed  plants 
may  die  prematurely  from  blight  with  scarcely  any  rot  of  the  tubers 
provided  the  soil  remains  fairly  dry  until  after  the  plants  are  dead 
and  dry ;  because  under  such  conditions  the  spores  dry  up  and  die 
before  they  can  reach  the  tubers.  No  matter  how  much  rain  comes 
later  there  can  be  no  rot  because  there  are  no  live  blight  spores  to 
cause  rot.  Now,  suppose  these  plants  had  been  sprayed  in  the  man- 
ner in  which  spraying  is  usually  dcme  by  farmers.  Their  life  would 
have  been  prolonged  two  or  three  weeks.  Nevertheless,  they  would 
have  been  somewhat  affected  by  blight  because  farmers  rarely  spray 
thoroughly  enough  to  prevent  blight  completely  when  the  disease 
is  epidemic;  and  so  long  as  the  plants  remain  green  live  blight 
spores  continue  to  be  formed  on  the  leaves  and  fall  upon  the  ground. 
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Then,  if  heavy  rains  came  there  would  be  rot.  In  short,  spraying 
prolongs  the  period  during  which  the  tubers  are  subject  to  rot. 

Sometimes  there  may  appear  to  be  more  rot  on  sprayed  rows 
than  on  unsprayed  ones  when  in  reality  such  is  not  the  case.  This 
happens  when  rot  sets  in  early  on  unsprayed  rows  so  that  by  dig- 
ging time  many  of  the  tubers  have  completely  decayed  and  dis- 
appeared ;  while  on  the  sprayed  rows  where  blight  was  unable  to 
gain  a  foothold  until  late  in  the  season  and  the  rot  correspondingly 
retarded,  all  affected  tubers  are  still  in  evidence  at  digging  time. 
For  an  example  see  Volunteer  Experiment  No.  3,  p.  168;  also 
Bulletin  264,  pages  111-112. 

When  sprayed  potatoes  rot  badly  it  should  not  be  assumed, 
without  investigation,  that  the  spraying  has  beep  a  failure.  If 
any  unsprayed  rows  have  been  left  for  comparison  it  will  be  found 
generally  that  they  have  rotted  much  worse  so  that  in  spite  of  the 
rot  there  may  be  enough  more  marketable  potatoes  on  the  sprayed 
rows  to  make  the  spraying  a  profitable  operation.  The  Peru  ex- 
periment on  page  150  furnishes  a  good  illustration.  In  Volunteer 
Experiment  No.  50  made  by  C.  B.  Foster,  Water  Mill  (page  173), 
there  were,  unfortunately,  no  check  rows  in  the  ten-acre  field  where 
the  rot  was  so  severe.  Hence,  it  can  not  be  determined  whether  the 
spraying  was  beneficial  or  otherwise;  but  judging  from  similar  cases 
in  which  the  facts  are  known  we  feel  confident  that  the  spraying 
was  profitable  notwithstanding  the  rot. 

During  the  past  season  many  cases  were  reported  in  which  there 
was  considerable  loss  from  rot  although  there  had  been  apparently 
little  or  no  blighting  of  the  vines.  The  explanation  of  this  is  that 
shortly  before  dig^ng  time  the  weather  conditions  were  exceptionally 
favorable  to  rot  so  that  a  little  blight,  which  may  have  passed  un- 
noticed, was  sufficient  to  cause  much  trouble.  There  may  be  much 
blight  and  yet  little  rot  if  the  weather  is  dry  for  two  or  three  weeks 
preceding  digging,  but  if  there  is  much  rain  during  this  period 
heavy  loss  from  rot  may  follow  a  light  attack  of  blight. 

Concerning  the  identity  of  the  rot  which  was  so  destructive  in 
this  State  in  1905.  we  have  no  reason  for  believing  that  it  was  any 
other  than  the  rot  which  follows  late  blight;  namely,  that  caused  by 
Phytophthora  infestans.  Other  kinds  of  rot  undoubtedly  occurred, 
in  small  amount,  but  by  far  the  greater  part  of  the  rot  in  New  York 
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during  the  past  season  was  certainly  due  to  Phytophthora  infestans 
and  might  have  been  largely  prevented  by  thorough  spraying.  In 
this  connection  we  wish  to  emphasize  the  importance  of  more 
thorough  spraying  in  the  latter  part  of  the  season  as  a  safeguard 
against  rot. 

MAKING  EXPERIMENTS  IN  1906. 
During  the  season  of  1906  the  work  on  potato  spraying  will 
be  carried  forward  along  practically  the  same  lines  as  in  1904  and 
1905.  The  regular  ten-year  experiments  at  Geneva  and  River- 
head  will  be  conducted  again  as  usual;  also,  about  fifteen  farmers' 
business  experiments  in  different  parts  of  the  State.  In  addi- 
tion the  Station  hopes  to  secure  again,  as  in  the  past,  reports  of 
numerous  volunteer  experimrats  —  the  more  the  better.  Potato 
growers  throughout  the  State  are  earnestly  requested  to  make 
spraying  experiments  in  1906  and  report  the  results  to  the  Station. 
Whatever  the  outcome  of  the  experiments,  whether  for  or  against 
spraying,  the  reports  are  desired  provided,  of  course,  the  experi- 
ments have  been  properly  conducted.  Upon  request,  the  Station 
will  supply  blanks  for  making  such  reports. 

DIRECTIONS  FOR  SPRAYING." 
In  general,  commence  spraying  when  the  plants  are  six  to  eight 
inches  high  and  repeat  the  treatment  at  intervals  of  10  to  14  days 
in  order  to  keep  the  plants  well  covered  with  bordeaux  throughout 
the  season.  During  epidemics  of  blight  it  may  be  necessary  to  spray 
as  often  as  once  a  week.  Usually  six  applications  will  be  required. 
The  bordeaux  should  contain  six  pounds  of  copper  sulphate  to  each 
50  gallons.* ,  Whenever  bugs  or  flea  beetles  arc  plentiful  add  one 
to  two  pounds  of  paris  green  or  two  quarts  of  arsenite  of  soda  stock 
solution  (See  footnote,  p.  179)  to  the  quantity  of  bordeaux  re- 
quired to  spray  an  acre. 

Thoroughness  of  application  is  to  be  desired  at  all  times,  but 
is   especially   important   when   flea   beetles   are   numerous   or   the 

"  SubsiEintiaU;  th«  same  as  Eiven  in  Bulletin  364,  p.  204.  The  experiences 
of  the  past  season  do  not  wairant  any  materia)  alteration  in  the  recommend- 
ations there  made. 

*  For  the  preparation  of  bordeaux  mixture  see  Bulletin  243  of  this  Station, 
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weather  favwable  to  blight.  Using  the  same  quantity  of  bor- 
deaux, frequent  light  applications  are  likely  to  be  more  effective 
than  heavier  applications  made  at  long  intervals;  e.  g.,  when  a 
horse  sprayer  carrying  but  one  nozzle  per  row  is  used,  it  is  better 
to  go  over  the  plants  once  a  week  than  to  make  a  double  spray- 
ing once  in  two  weeks.  A  good  plan  is  to  use  one  nozzle  per  row 
in  the  early  sprayings  and  two  nozzles  per  row  in  the  later  ones. 

Those  who  wish  to  get  along  with  three  sprayings  should  post- 
pone the  first  one  until  there  is  danger  of  injury  from  bugs  or  flea 
beetles  and  then  spray  thoroughly  with  bordeaux  and  poison.  The 
other  two  sprayings  should  likewise  be  thorough  and  applied  at  such 
times  as  to  keep  the  foliage  protected  as  much  as  possible  during 
the  remainder  of  the  season.  Very  satisfactory  results  may  be 
obtained  from  three  thorough  sprayings. 

A  single  spraying  is  better  than  none  and  will  usually  be  profit- 
able, but  more  are  better.  Spraying  may  prove  highly  profitable 
even  though  the  blight  is  only  partially  prevented.  It  is  unsafe  to 
postpone  spraying  until  blight  appears.  Except,  perhaps,  on  small 
areas,  it  does  not  pay  to  apply  poison  alone  for  bugs.  When  it  is 
necessary  to  fight  insects  use  bordeaux  mixture  and  poison  together. 
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AN    OUTBREAK    OF    THE    EUROPEAN 
CURRANT    RUST.>* 
{Cronarlium  ribicola  Dietr.) 


F.  C  STEWART. 


SUMMARY. 

In  September,  1906,  the  Station  currant  plantation  was  found  to 
be  abundantly  infested  with  Cronartium  ribicola,  a  European  rust 
fungus  hitherto  unknown  to  America.  It  appeared  in  the  form  of  a 
conspicuous  orange-colored  powder  on  the  under  surface  of  the 
leaves.  Of  54  varieties  representing  three  species  of  Ribes  (R. 
Htgrum,  R.  rubrum  and  R.  aureum)  48  were  more  or  less  affected. 
It  was  also  found  on  R.  grossularia  and  R.  irriguum.  With  the 
exception  of  a  single  affected  leaf  in  a  plantation  one-half  mile  west 
of  the  Station  it  was  not  found  outside  the  Station  grounds. 

In  Europe  this  rust  has  been  known  for  fifty  years  and  is  widely 
distributed.  As  a  currant  disease  it  is  unimportant.  The  chief 
danger  from  it  lies  in  its  effect  on  white  pines.  In  one  of  its  stages 
(aM:idium)  the  fungus  attacks  the  trunk  and  branches  of  the  white 
pine  causing  a  serious  disear.c  called  blister  rust.  Its  introduction 
into  America  is  to  regretted.  Doubtless  it  is  a  recent  importation 
from  Europe,  but  just  how  it  came  onto  the  Station  grounds  is  not 
known.  The  only  white  pines  in  the  immediate  vicinity  of  the 
affected  plantation  are  two  small  trees  125  feet  west,  planted  eight 
years  ago.     Possibly  these  trees  are  the  source  of  infection. 

Remedial  measures  consist,  chiefly,  in  the  removal  of  whichever 
host  (pines  or  currants)  is  regarded  as  of  least  value.  In  order  to 
stamp  out  the  disease,  if  possible,  all  plants  of  the  genus  Ribes  on 
the  Station  grounds  have  been  destroyed. 

'  Read  in  abstract.  Dec.  20,  1906,  before  Section  G  of  the  American  Assoc- 
ciatioii  for  Ihe  Advancement  of  Science  at  the  fifty-sixth  annual  meeting, 
lield  ill  New  York. 

•Reprint  of  Technical  Bulletin  No.  2. 
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CIRCUMSTANCES  ATTENDING  THE  DISCOVERY. 

While  passing  the  currant  plantation  on  the  Station  grounds 
September  26,  1906,  the  writer  observed  an  unusual  appearance 
of  the  foliage  on  some  plants.  Upon  plucking  one  of  the  leaves 
for  examination  we  were  astonished  to  find  the  under  surface 
yellow  with  a  rust.  Even  to  the  unaided  eye  it  was  evident  that  the 
rust  belonged  to  the  genus  Cronartium  and  upon  microscopic  exam- 
ination in  the  laboratory  it  proved  to  be  Cronartium  ribicola  Dietr., 
a  currant  fungus  of  common  occurrence  throughout  Europe  but 
hitherto  unknown  in  America.^ 

The  plantation  in  which  the  rust  was  found  is  one  devoted  to 
the  testing  of  varieties.  It  contains  about  175  plants  and  includes 
54  different  varieties  representing  three  species ;  viz.,  Ribes  nigrum, 
R.  rubrum,  R.  aureum.  Most  of  the  plants  were  set  in  the  spring 
of  1903,  being  transplanted  from  another  plantation  about  forty 
rods  away.  The  remainder  of  the  plants  were  set  in  the  spring  of 
1904.     They  varied  in  height  from  two  to  five  feet. 

Of  the  54  varieties,  48  were  more  or  less  rusted  while  the  other 
six  were  free  from  rust.  The  several  varieties  of  black  currants, 
Ribes  nigrum,  were  most  affected  —  Monarch,  Clipper  and  Star 
being  among  the  worst  and  having  almost  every  leaf  thickly  cov- 
ered with  rust.  In  spite  of  this  severe  attack  of  rust  the  black 
currants  were  in  full  foliage.  Some  of  the  red  and  white  varieties, 
R.  rubrum,  also  were  severely  attacked,  but  most  of  them  were  only 
slightly  affected.  The  plants  of  this  species  had  already  lost  a  con- 
siderable portion  of  their  foliage  from  leaf  spot,  Septoria  ribis. 
One  variety  of  R.  aureum  (Jelly)  showed  traces  of  rust.  Four 
varieties  of  R.  rubrum  (Prince  Albert,  Gondouin  White,  Stultz  and 
an  unknown  variety)  and  two  varieties  of  R.  aureum  (Crandall  and 
Utah  Golden)  were  entirely  free  from  rust. 

'Dr.  J.  C  Arthur  informs  us  that  the  only  other  record  of  the  occurrence 
of  this  fungfua  in  North  America  is  that  of  a.  collection  made  by  E.  Bartholo- 
mew on  Ribes  aurcam  in  Kansas  in  iSgz.  This  was  a  solitary  collection  in 
the  uredo  stage  which  remained  unrecognized  until  recently.  Bartholomew 
listed  the  fungus  (The  Kansas  Uredinese.  Reprint  from  Trans.  Kans.  Acad. 
Science,  16:193.  iSp^'pS.  Issued  June,  1899).  as  Uredo  coaSuens  Pers., 
but  Dr.  Arthur,  who  has  examined  the  specimens,  pronounced  it  the  uredo  of 
a  Cronartium,  presumably  C.  ribtcola. 
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The  infested  currant  plantation  was  adjoined  on  the  west  by  a 
plantation  of  gooseberries  containing  many  different  varieties.  Only 
one  variety  (Pearl)  was  affected  and  this  but  slightly. 

In  another  part  of  the  Station  grounds,  near  the  Director's  resi- 
dence and  about  forty  rods  east  of  the  infested  plantation,  there 
are  planted  sixteen  different  species  of  Ribes,  including  R.  aureutn, 
but  neither  R.  nigrum  nor  R.  rubrum.  0£  these  only  one  species, 
R.  irriguum,  was  affected.  There  were  two  plants  of  R.  irriguum 
and  both  were  severely  attacked. 

A  large  quantity  of  the  rusted  leaves  was  preserved.  Specimens 
will  be  distributed  in  Fungi  Columbiani,  Century  24. 

DESCRIPTION  OF  THE  FUNGUS. 

The  fungus  Cronartium  ribicola  was  first  described  and  named 
by  Dietrich  fifty  years  ago.'  It  appears  during  the  summer  and 
autumn  as  a  conspicuous  orange-colored  powder  on  the  under  sur- 
face of  the  leaves  of  various  species  of  Ribes  (currants  and  goose- 
berries). Two  formes  of  spores,  uredo-  and  teleutospores,  are 
produced  on  Ribes  leaves.  The  uredospores  are  ellipsoidal  to 
ovoid,  i9-35xi4-22'i  with  orange-colored  contents  and  borne  in  sori 
forming  pustules.  The  teleutospores  are  elongated,  unicellular  ;aid 
massed  together  into  peculiar  orange -colored  columnar  processes 
which  attain  a  maximum  length  of  about  two  millimeters.  These 
processes  are  usually  curved.  To  the  unaided  eye  they  appear  like 
coarse,  yellow  plant  hairs,  hence  the  German  name  "  Filzrost " 
(felt-rust).* 

Another  form  (the  aecidium  form)  of  the  currant  rust  fungus 
occurs  on  the  trunks  and  branches  of  Pinus  spp.,  especially  the 
white  pine,^  Pinus  strobus,  producing  a  disease  called  blister  rust 
(Blasenrost  of  the  Germans).  The  pine-inhabiting  form  was  first 
described  by  Klebahn  in   1887  as  a  distinct  species  and  by  him 

'Dietrich  (10).    The  number  in  parenthesis  refers  to  the  bibliography. 

*  See  Plates  VII  and  VIIT. 

'  In  Europe  Pinus  slrobus  is  universally  known  as  the  Weymouth  pine, 
being  named  after  Lord  Weymouth  who  took  up  its  cultivation  actively  when 
it  was  first  introduced  into  England  in  1705.  (See  Garden  and  Forest, 
3:536.    iS<)o.) 
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named  Peridermtum  strobi.^  Subsequently,  through  inoculation  ex- 
periments made  by  Klebahn  and  others,''  it  was  conclusively  proven 
that  Cronartium  ribicola  on  the  currant  and  Peridermtum  strabi  on 
the  pine  are  not  separate  species  but  only  different  stages  of  one 
and  the  same  fungus. 

GEOGRAPHICAL  DISTRIBUTION  AND  ECONOMIC 
IMPORTANCE. 

Cronartium  ribicola  occurs  in  several  European  countries,  and 
probably  in  India;*  but  has  never  been  found  in  Australia  or  in 
South  America  and  in  North  America  but  once  as  mentioned  on 
page  i8g,  footnote  2. 

It  was  originally  described  in  1856  from  specimens  collected  in 
western  Russia.  Since  that  time  it  has  been  reported  from  other 
places  in  Russia  even  to  the  Ural  Mts,*  on  the  east  and  to  the 
Caucasus  Mts.'"  on  the  south.  In  Germany  it  is  common  and  the 
injury  which  it  does  to  the  white  pine  is  of  considerable  economic 
importance.  Klebahn"  has  reported  a  destructive  outbreak  of  the 
disease  among  white  pines  in  the  vicinity  of  Bremen  in  1887, 
Tubeuf,"  in  1898,  stated  that  specimens  of  it  were  to  be  found 
all  over  Germany  and  that  it  was  destructive  in  the  northeastern 
part.  Among  other  instances  of  severe  damage  he  mentions  a 
large  nursery  near  the  Holland  border  in  which  the  culture  of  white 
pines  had  been  entirely  given  up  on  account  of  the  fungus.  In 
another  publication  the  same  author  stated  that  the  disease  was 
spreading  and  becoming  a  serious  menace  in  Germany.^'  Eriksson^* 
describes  its  epidemic  occurrence  in  Sweden,    Bos  "*  states  that  in 

'Klebahn  (23). 

•Klebahn  (24,  p.  XLIX),  (a6),  (27,  p.  31).  (29,  p.  333),  {30,  p.  74). 
(32,  P-  16),  (35.  p.  86);  Rosmip  (53.  P-  187).  (54);  v.  Wettstein  (67); 
Sorauer  (58);  Eriksson  (13,  p.  380);  v.  Tubeuf  (64);  Hennings  (20); 
Schoyen  (56). 

'Tulasne  (66,  p.  i8g),  mentions  a  Cronartium  on  Ribes  in  India. 

•Sorokin  (59). 

"Speschneff  (60). 

"Klebahn  (24,  p.  XLV). 

"v.  Tubenf  (63)- 

"Tubeuf  (61). 

"Eriksson  (la). 

"Bos  (5). 
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Holland  it  is  so  abundant  that  in  many  localities  the  cuhure  of 
white  pines  is  impossible.  It  is  also  reported  from  Belgium,'*  Den- 
mark," Norway,"  Switzerland,'*  France,^  Austria*'  and  Eng- 
land.K 

Judging  from  the  European  literature  on  the  subject,  it  appears 
that  as  a  currant  disease  Cronartium  ribicola  is  regarded  as  of  little 
importance  even  in  those  regions  in  which  it  is  abundant,  but  as  a 
disease  of  white  pines  it  has  caused  much  damage. 

American  mycologists,  believing  that  it  must  eventually  make  its 
appearance  in  this  country,  have  been  on  the  lookout  for  it  for  many 
years;  but  with  the  exception  of  the  Bartholomew  collection  pre- 
viously mentioned  ( footnote  2,  p.  189)  it  has  not  been  found  any- 
where in  the  Americas.  No  Cronartium  on  any  species  of  Ribes 
and  no  Peridermium  on  Pinus  strobus  are  known  to  America,  The 
fact  that  America  is  the  home  of  the  white  pine  makes  the  absence 
of  Cronartium  ribicola  especially  noteworthy.  Magnus,""  Klebahn,** 
and  others  have  commented  upon  this  and  discussed  the  probable 
origin  of  the  fungus.  The  most  plausible  theory  advanced  regard- 
ing the  origin  of  Cronartium  ribicola  is  that  its  original  host  was  the 
Swiss  stone  pine,  Pinus  centra,  and  that  it  was  introduced  nito 
Germany  in  recent  times  from  Russia  where  Pinus  cembra  forms 
extensive  forests.  Schellenberg  *  expressed  the  opinion  that  it  is 
also  indigenous  in  the  Swiss  Alps  on  Pinus  cembra. 

It  is  altogether  probable  that  the  apparent  absence  of  Cronartium 
ribicola  from  America  is  real;  or  at  least  the  fungus  cannot  have 
existed  here  long.  It  is  unlikely  that  collectors  have  overlooked  it. 
Both  on  the  currant  and  on  the  pine  it  is  conspicuous  and  readily 
identified.  The  horn-like  masses  of  teleutospores  are  characteristic 
and  serve  to  distinguish  it  from  other  rusts  occurring  on  Ribes 
leaves. 

"Nijpels  (44);  Marchal  {41),  (42). 

"Rostrup  (S3). 

"Blytt   (7);  Schoyen  (56). 

"Fischer  (15);  Schellenberg  (55). 

"Poirault   (51). 

"v.  VVettstcin  (67);  Bubak  (8). 

■Plowright  (48),  (49).  (50). 

"Magnus  (36),  (37),  (39),  {40). 

"Klebahn  (25),  (26),  (30,  p.  155),  {34,  p.  78). 

"Schellenberg  (55). 
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Plate  VII. — Thb  Under  Surface  (W  Rust-Infested  CVRfMifii,EAvfS. 
A.  Ufedo  and  teleuto  sow  of  Crohartium  wbicola  (X4), 
B.  The  same,  m 
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Plate  VIII.— The  Cuekant  and  Pine  Rust. 
Cronarlium  ribicola. 

black  curraot :  2.  Oredosporea,  o,  and 

an  erect,  balrllke  structuce  (XSO)  : 
>u>  K^iiruiuDiKiicB,  two  of  wblcb  are  germlnatlDR,  and 
roduced  four    aporldla   oc   aeeondary    aporea    (xSOO)  : 
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ORIGIN  OF  THE  GENEVA  OUTBREAK. 

It  would  be  interesting  to  know  the  origin  of  the  outbreak  at 
Geneva,  but  from  the  data  now  in  hand  it  is  not  possible  to  locate 
definitely  the  original  source  of  infection.  It  is  likely  that  the 
fungus  was  imported  with  pines  rather  than  with  currants  or  goose- 
berries, since  it  is  perennial  within  the  stems  and  branches  of  the 
pine,  while  on  Ribes  it  is  confined  entirely  to  the  leaves.  The  only 
white  pines  in  the  immediate  vicinity  of  the  diseased  currant  plana- 
tion  are  two  small  trees  standing  125  feet  to  the  west.  These  were 
purchased  from  a  Geneva  nursery  and  set  eight  years  ago.  From 
a  careful  examination  of  these  trees  made  in  November  they  ap- 
peared in  thrifty  condition  without  any  indication  of  Peridermium, 
Nevertheless,  they  may  be  the  source  of  infection,  notwithstanding 
their  seeming  freedom  from  disease.  Peridermium  strobi  should  be 
sought  in  April  and  May ;  by  November  it  is  difficult  to  recognize. 

The  two  trees  just  mentioned  are  the  only  white  pines  on  the 
Station  grounds ;  and  there  are  no  specimens  of  Pinus  cembra,  P. 
lambertiana,  P.  monlicola  or  any  other  Pinus  having  leaves  in  clus- 
ters of  five.  The  nearest  other  possible  sources  of  infection  are  a 
i2-feet-high  Pinus  strobiis  sixty  rods  east,  an  aged  Pinus  strobus 
about  eighty  rods  north  and  a  sixteen-year-old  Pinus  cembra  the 
same  distance  to  the  southeast.  There  are  several  nurseries  in  the 
vicinity  of  Geneva  and  it  may  be  that  some  one  of  them  has  im- 
ported diseased  pine  trees.  The  nearest  nursery  containing  pines 
liable  to  the  disease  is  about  one-half  mile  west  of  the  Experiment 
Station.  It  contains  a  block  of  Pinus  cembra  and  some  Pinus  stro- 
bus  imported  from  France.  Here  may  be  the  source  of  infection. 
However,  contradictory  evidence  is  found  in  the  fact  that  a  planta- 
tion of  red  currants  (Ribes  rubrum)  directly  across  the  road  from 
this  nursery  was  practically  free  from  Cronartium.  A  careful 
search  revealed  just  one  leaf  affected  with  Cronartium  ribicota, 
which  was  in  the  teleuto  stage.  Another  plantation  of  red  currants 
between  the  nursery  and  the  Experiment  Station  was  entirely  free 
from  Cronartium.  In  fact  the  single  affected  leaf  above  mentioned 
is  the  only  instance  in  which  the  Cronartium  has  been  found  outside 
the  Station  grounds  although  the  neighboring  currant  plantations 
'3  I  , 
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were  carefully  searched.    Thus,  the  indications  are  that  the  source 
of  infection  is  on  the  Station  grounds. 

This  raises  the  question  whether  it  is  possible  that  the  outbreak 
may  have  resulted  from  uredo-  or  teleutospores  brought  onto  the 
Station  grounds  with  imported  currant  plants.  During  the  past  ten 
years  the  Station  has  made  several  importations  of  currant  and 
gooseberry  plants,  the  latest  one  being  from  Hexham,  England,  in 
the  spring  of  1904.  Can  these  plants  have  been  the  source  of 
infection?  It  has  already  been  stated  that  the  aecidium  stage  of 
Cronartium  ribicola  occurs  on  certain  species  of  Pinus,  especially 
P.  strobus.  It  has  been  proven  that  the  uredo  stage  on  the  currant 
may  start  from  infection  with  aecidiospores  from  the  pine;  and  that 
the  aecidium  stage  on  the  pine  may  result  from  infection  with 
teleutospores  from  the  currant*  Further,  it  is  believed,  but  not 
conclusively  proven,  that  aecidiospores  can  not  infect  pines  and 
teleutospores  can  not  infect  currants.  The  uredospores  may  infect 
currants  directly,  but  they  do  not  survive  the  winter.  In  short,  in 
the  absence  of  pines  the  currant  rust  can  not  perpetuate  itself.  This 
is  the  generally  accepted  view  and  if  it  is  a  correct  one  the  Geneva 
outbreak  of  currant  rust  could  not  have  come  directly  from  im- 
ported currants.  However,  some  eminent  mycologists  have  ex- 
pressed doubt  on  this  point.  Eriksson,*'  Fischer,*  Iwanoff,**  Nils- 
son,*"  and  Speschneff,^'  have  all  cited  cases  of  the  occurrence  of 
Cronarlium  ribtcola  on  currants  in  localities  where  Pinus  strobus 
was  lacking ;  and  Eriksson,^  particularly,  lias  expressed  the  opinion 
that  it  may  live  from  year  to  year  on  currants  entirety  independent 
of  the  aecidium  stage  on  the  pine,  Klebahn,*'  on  the  contrary,  be- 
lieves that  this  view  should  not  be  accepted  without  thorough  in- 
vestigation. In  none  of  his  numerous  inoculation  experiments  was 
there  a  recurrence  of  Cronartium  the  following  season.  In  our 
own  case  the  outbreak  on  currants  can  not  be  satisfactorily  ac- 

"  See  references  given  in  footnote  7, 
"Eriksson  (13  p.  382), 
"Fischer  (ig). 
"Iwanoff  (22,  p.  99). 
"Nilsson  (45). 
"Speschneff  (60). 
"Eriksson  (13,  p.  332), 
"Klebahn  (33). 
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counted  for  except  on  the  assumption  that  the  two  nearby  Pinits 
strobus  trees  were  diseased  last  spring.  It  may  be  possible  to  deter- 
mine this  point  next  spring.  If  it  can  be  proven  that  these  trees 
were  free  from  Peridermium  in  the  spring  of  1906  then  it  would 
seem  that  we  have  here  evidence  in  support  of  Eriksson's  view; 
for  it  is  scarcely  possible  that  pine  trees  sixty  rods  or  more  distant 
can  have  been  responsible  for  so  abundant  an  infestation. 

ATTEMPT  AT  ERADICATION. 

In  order  to  stamp  out  the  disease,  if  possible,  every  Ribes  plant 
on  the  Station  grounds  has  been  destroyed.  The  two  white  pines 
standing  by  the  currant  plantation,  also,  will  be  destroyed  if  they 
show  the  disease  next  spring.  A  careful  watch  will  be  kept  over 
pines  and  currants  in  the  vicinity  of  the  Station  and  in  case  of  the 
appearance  of  the  disease  next  season  measures  will  be  taken  to 
secure  the  prompt  destruction  of  all  affected  plants.  Perhaps  the 
disease  may  be  stamped  out,  but  the  chances  are  against  it.  The 
writer  knows  of  no  record  of  a  successful  attempt  at  the  complete 
eradication  of  a  fungus  disease  of  plants.    It  is  rarely  attempted. 

Even  should  this  attempt  prove  successful,  it  can  not  be  expected 
that  the  disease  can  much  longer  be  kept  out  of  America.  Consider- 
ing the  frequency  with  which  pine  trees  are  imported  it  is  a  wonder 
that  the  disease  has  not  made  its  appearance  here  before. 

ITS  PROBABLE  IMPORTANCE  IN  AMERICA. 

It  is  improbable  that  growers  of  currants  and  gooseberries  in 
America  have  much  to  fear  from  this  new  disease.  Even  when 
currant  leaves  are  abundantly  infested  with  the  rust  fungus  they 
appear  to  be  but  little  injured  by  it.  On  the  Station  grounds 
black  currants  which  were  badly  infested  held  their  leaves  until 
well  into  October. 

The  chief  danger  from  Cronartium  ribtcola  lies  in  its  effect  on 
pine  trees,  particularly  the  white  pine.  In  parts  of  Europe  it  has 
wrought  havoc  among  white  pines  and  there  is  no  apparent  reason 
why  it  should  be  less  destructive  in  America  should  it  become 
established  here.  Indeed,  it  may  become  even  more  destructive.  It 
has  not  infrequently  happened  that  a  parasitic  fungus  introduced 
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into  a  new  country  has  become  more  virulent  in  its  attack  and 
caused  greater  damage  than  in  its  native  country. 

There  is  also  the  possibility  that  it  may  extend  its  list  of  host 
plants.  In  Europe  it  is  known  to  attack  only  four  species  of 
Pinus;**  viz.,  P.  slrobiis,  P.  ccnibra,  P.  lambertiana  and  P.  monti- 
cola,  all  of  which  bear  their  leaves  in  clusters  of  five, 

TREATMENT. 

Since  it  is  probable  that  pine  trees  and  Ribes  plants  are  both 
necessary  to  the  perpetuation  of  the  Cronartium,  the  destruction  of 
all  specimens  of  either  of  these  two  kinds  of  host  must  result  in  the 
extermination  of  the  rust.  Accordingly,  the  principal  method  of 
control  recommended  by  European  writers  is  the  destruction  of 
whichever  of  the  two  hosts  is  the  least  valuable.  Wherever  there 
is  danger  of  the  disease,  currants  or  gooseberries  should  not  be 
planted  near  white  pines. 

It  is  possible  that  on  currants  and  gooseberries  the  rust  might 
be  controlled  by  spraying  with  bordeaux  mixture,  but  no  experi- 
ments have  been  made.  On  the  Station  grounds  one  application 
of  bordeaux  mixture  made  as  soon  as  the  fruit  had  set  apparently 
had  no  effect  on  the  rust. 

BIBLIOGRAPHY  OF  CRONARTIUM  RIBICOLA  AND 

PERIDERMIUM  STROBI. 
With  the  appearance  of  Cronartium  ribicola  in  this  country  tliere. 
is  likely  to  come  renewed  interest  in  it.  In  order  to  facilitate  the 
labors  of  American  mycologists  who  wish  to  examine  the  literature 
of  the  subject,  the  following  bibliography  has  been  compiled.  It  is 
not  quite  complete  and  several  of  the  articles  have  not  been  seen 
by  the  writer.  By  far  the  most  important  of  the  references  given  is 
Klebahn's  book,  Die  wirtwechselnden  Rostpilze,  which  contains  an 
authoritative  resume  of  the  whole  subject  with  numerous  citations 
of  literature. 

1.  Anonymous.    CTonarlttttn    ribicola   Fischer,   nov.   sp,    Hedwigia,    11  :i82. 

187a. 

2.  Weymouth   Pine  Disoase.     Card.   Chron.,  III.,   11:736.     1892. 

3.  de  Bary,  A.    hot.  Zig.,  31:431.    1873. 
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4. Notiz  uber  Cronarlium  ribkola.    Bat.  Zts-,  39:79-8a    1874. 

5.  Boa,    ].    Ritzema.     Phytopathologisch    Laboratorium    Willie   Commdin 

Scholten,  Verslag  1900.    Landbouwk.,Tijdschr.,  9:77.     1901, 

6.  Phylopalhologiscli      Laboratorium     Willie      Commelin      Scholten, 

Verslag  1901.     Tijdichr.  Plantensieklen,  8:22.    1902. 

7.  Blylt,  A.     Bidrag  til  kandskabcn  om  Norgcs  soparler.  IV.    ChrisUtana 
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REPORT  OF  THE  CHEMICAL  DEPARTMENT. 


THE  ACTION   OF   DILUTE  ACIDS  UPON 
CASEIN  WHEN  NO  SOLUBLE  COM- 
POUNDS ARE  FORMED* 


L.  L.  VAN  SLYKE  AND  D.  D.  VAN  SLVKE. 


SUMMARY. 

1.  Object. —  The  work  of  which  an  occount  is  presented  was 
undertaken  primarily  to  measure  more  accurately  the  amount  of 
acid  that  combines  with  casein  to  form  a  definite  compound  in- 
soluble in  water,  but  facts  were  developed  which  raised  the  funda- 
mental question  as  to  whether  the  action  is  one  of  real  chemical 
combination  and  to  this  question  chief  attention  is  directed. 

2.  Outline  of  method  of  work. —  Casein  is  agitated  with  dilute 
acids  of  known  strength  for  given  periods  of  time,  the  mixture  is 
filtered  and  the  amount  of  acid  taken  up  by  the  casem  is  measured 
by  the  decrease  in  the  conductivity  of  the  solution.  It  was  found 
necessary  to  work  out  special  formulas  in  order  to  calculate  con- 
veniently the  results  of  conductivity  measurements  into  terms  giv- 
ing equivalent  amounts  of  acid.  In  some  cases,  casein  that  had 
taken  up  acid  was  treated  with  water  and  the  acid  partially  ex- 
tracted, 

3.  General  scope  of  work. —  The  behavior  of  casein  was  studied 
(i)  with  four  acids  of  different  dissociating  power  (hydrochloric, 
sulphuric,  lactic  and  acetic)  ;  (2)  with  N-125,  N-500,  N-iooo  and 
N-2000  concentrations  of  these  acids;  (3)  for  contact  of  different 
periods  of  time,  ranging  from  5  minutes  to  48  hours;  (4)  at  dif- 
ferent temperatures  (0°,  25°  and  45°  C.) ;  and  (5)  with  dilute  so- 

•Reprint  of  Part  I,  Technical  Bulletin  No.  3. 
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lutions  of  neutral  salts  (potassium  chloride  and  magne^um  sal- 
ivate) . 

4.  Solubility  of  casein  in  dilute  acids. —  It  was  necessary  first 
to  ascertain  conditions  under  which  casein  forms  soluble  compounds 
with  dilute  acids  in  order  to  avoid  such  solution.  Evidence  of  sol- 
ution was  shown  (i)  by  viscosity  of  solution,  (2)  by  behavior  of 
solution  on  adding;  alkali,  such  as  opalescent  or  milky  appearance 
or  precipitation,  (3)  by  the  xanthoproteic  reaction,  and  (4)  by  de- 
viation between  results  obtained  by  conductivity  and  by  titration 
methods.  In  case  of  solution,  titration  results  are  untrustworthy 
for  measuring  the  amount  of  free  acid  in  solution  because  the  dis- 
solved proteid  neutralizes  ^er  se  part  of  the  alkali  used  for  titration, 
and  also  gives  up  to  the  alkali  any  acid  with  which  the  proteid  may 
have  com.bined.  Little  or  no  solution  of  casein  occurs  even  on  sev- 
eral hours'  contact  at  0°  C.  with  solutions  not  stronger  than  N-500, 
or  at  25°  C.  with  solutions  not  stronger  than  N-iooo,  Degree 
of  solution  is  increased  (a)  by  concentration  of  acid,  (b)  by  in- 
crease of  temperature,  and  (c)  by  prolongation  of  contact.  The 
solvent  action  of  the  four  acids  studied  was  in  the  following  order, 
from  the  strongest  to  weakest :  hydrochloric,  lactic,  sulphuric  and 
aetic.  The  rate  at  which  casein  dissolves  in  different  acids  of  the 
same  normality  is  not  proportional  to  the  concentration  of  the  H+ 
ions,  or  to  the  dissociation,  but  is  disproportionately  great  for  the 
weak  organic  acids.  From  solutions  of  equal  strength,  the  dissolved 
proteid  takes  up  a  larger  proportion  of  acid  than  does  the  undis- 
solved. 

5.  General  action  of  acids  and  casein  without  solution. — 
Ca^^in  takes  up  acids-  from  dilute  solutions.  For  example,  one 
gram  of  casein  shaken  with  roo  cc.  of  N-1006  hydrochloric  acid 
for  3  hours,  takes  from  the  solution  nearly  50  per  ct.  of  the  acid. 
The  amount  of  acid  thus  taken  up  is  not  definite  and  fixed  but  varies 
(i)  with  the  concentration  of  the  acid,  (2)  with  the  duration  of 
contact  until  equilibrium  is  reached,  which  requires  some  hours, 

(3)  with   the   degree  of  agitation   until   equilibrium   is   reached, 

(4)  with  the  temperature,  and  {5)  with  the  kind  of  acid.  Some 
add  is  always  taken  up,  however  small  the  amount  of  acid  used ; 
but  the  acid  is  never  completely  removed  from  the  solution,  how- 
ever larg«  the  proportion  of  casein  present. 
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6.  Equilibrium  ratio  of  reaction. —  The  maximum  amount  of 
acid  absorbed  by  a  gram  of  casein  varies  almost  directly  with  the 
concentration  of  the  acid  within  the  limits  used  {N-125  and 
N-iooo)  in  the  case  of  hydrochloric,  lactic  and  acetic  acids,  so  that 
at  equilibrium  the  ratio  of  acid  in  i  gram  of  casein  to  the  acid  in 
I  cc,  of  surrounding  solution  is  nearly  constant.  In  the  case  of 
sulphuric  acid  the  ratio  increases  with  dilution  of  acid.  The 
equilibrium  ratio  reached  when  i  gram  of  casein  is  treated  with 
100  cc.  of  N-500  solution  at  0°,  is  675  for  sulphuric  acid,  147  for 
hydrochloric,  80  for  lactic  and  36  for  acetic.  Equilibrium  is  reached 
in  2  to  24  hours  according  to  (i)  the  acid  used,  (2)  the  tempera- 
ture, and  (3)  the  degree  of  agitation.  The  greater  part  of  the  acid 
reacting  is  generally  taken  up  in  the  first  half  hour  or  hour.  In- 
crease in  temperature  increases  the  rate  at  which  equilibrium  is 
approached,  but  decreases  the  final  amount  of  acid  taken  up,  when 
solution  of  casein  does  not  result  at  the  higher  temperature. 

7.  Extraction  of  acid  from  casein. —  The  acid  taken  up  by  casein 
may  be  extracted  by  shaking  with  water.  The  extraction  con- 
tinues until  the  equilibrium  ratio  (concentration  of  acid  in  i  gram 
of  casein  divided  by  concentration  of  acid  in  l  cc.  ot  surrounding 
solution)  is  established,  and  then  ceases. 

8.  Neutral  sails. —  Neutral  salts  (potassium  chloride  and  mag- 
nesium sulphate)  are  not  adsorbed  from  dilute  solution  by  casein. 

9.  The  behavior  of  casein  with  dilute  acids,  when  no  solution 
occurs,  suggests  three  different  explanations:  (i)  an  adsorption 
compound,  (2)  solutbn  of  acid  in  casein,  or  (3)  a  hydrolyzible 
salt  of  casein.  A  careful  application  of  the  experimental  results 
to  each  of  these  hypotheses  indicates  that  the  action  appears  to  cor- 
respond in  detail  only  with  tlie  characteristics  which  apply  to  an 
adsorption. 

10.  On  the  basis  of  this  explanatbn,  the  proteid  precipitated 
when  milk  sours  is  free  casein  in  which  lactic  acid  is  held  by  ad- 
sorption. 

INTRODUCTION. 
In  Bulletin  No.  261   it  was  shown  that  when  base-free  casein 
is  suspended  for  a  time  in  dilute  hydrochloric  acid  and  then  fil- 
tered, the  acid  is  not  all  recovered  in  the  filtrate.    According  to 
the  results  then  obtained,  it  appeared  that  one  gram  of  casein,  when 
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thus  treated,  takes  from  solution  about  5  cc.  of  N-ioo  HCI  and 
forms  with  it  a  definite  compound,  which,  like  the  casein  itself, 
is  insoluble.  The  method  of  determining  by  titration  with  standard 
alkali  the  amount  of  acid  remaining  in  the  filtrate  did  not,  under 
the  conditions  employed,  yield  results  that  were  more  than  ap- 
proximate. It  was  thought  that  more  satisfactory  results  could 
be  obtained  by  measuring  the  changes  in  electrical  conductivity  of 
acids  caused  by  treating  the  acids  with  casein. 

The  special  object  of  the  work  described  in  this  bulletin  was  to 
secure  additional  data  bearing  on  the  question  as  to  whether  casein 
combines  with  acids  to  form  insoluble  casein  salts  of  acids,  a  ques- 
tion which  has  been  in  dispute  for  over  fifty  years  and  which  has 
an  intimate  connection  with  the  coagulation  of  sour  milk  and  also 
with  certain  stages  of  cheese-making.  While  the  basic  property 
of  proteids  has  long  been  recognized,  it  is  within  the  past  fifteen 
years  that  evidence  has  accumulated,  furnishing  more  specific  proof 
that  acids  combine  with  proteids  to  form  chemical  compounds ;  and 
the  more  intimate  knowledge  gained  in  regard  to  the  constitution 
of  proteids  has  constituted  an  essential  part  of  this  evidence.  This 
view  is  supported  by  the  work  of  the  following  investigators: 
Sjoqvist,'  Cohnheim,^  Cohnheim  and  Krieger,*  Erb,*  Bugarszky 
and  Liebermann,"  Matthews*  Osborne,''  von  Rohrer,"  Panormoff," 
Hardy,'"  Mellanby"  and  Robertson." 

It  was  found  that  in  general  the  amount  of  acid  combining  with 
unit  mass  of  a  given  proteid  in  solution  was  not  constant,  but  de- 
pendent upon  the  concentrations  of  acid  and  proteid.  This  was 
explained  by  the  hypothesis  that  the  proteids  act  as  weak  bases, 
and  consequently  their  combinations  with  acids  hydrolyze.     Spiro 

'Stand.  Arch.  Physinl..  5:277.     1894. 

'  Ztschr.  Biol.,  ssioRg.     1896. 

'  Zisckr.  BioL.  40:95.    iqoo. 

'  Zlsehr  Biol..  41  :,iog.    1901. 

* Areh.  Physiol.   (F/Hiser).  71:51.     189S. 

•Amer.  Jour.  Physiol.  7:445.     (1898.) 

^  Jour.  Amer.  Chrm.  Soc,  a4'39-     1902. 

'Arch.  Physiol.   {PAueer),  9o:,i68.     1902. 

'Jour.  Russ.  Physiol.  Ckem.  Gcscll.,  31:556- 

"Jour.  Physiol.,  33:,1,13-  '905- 
"  Jour.  Physici,  33:373.  1905. 
"Jour.  Biol.  Chfm.,  9:317. 
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and  Pemsel'  concluded  from  the  lack  of  constant  combining  pro- 
portions that  the  reaction  between  proteids  and  acids  was  not  a 
true  salt  formation,  but  a  case  of  physical  distribution  of  the  acid 
between  proteid  and  solvent  water.  In  reaching  their  conclusions, 
however,  they  appear  to  have  overlooked  the  effect  of  the  hydro- 
lysis which  is  to  be  expected  from  salts  of  weak  bases,  and  the 
weight  of  evidence  inclines  entirely  towards  the  view  that  proteids 
form  chemical  compounds  with  acids. 

In  studying  the  action  of  acids  on  proteids,  various  methods  have 
been  used  by  different  workers  in  measuring  the  amount  of  free 
acid  that  disappears  as  such  after  treatment  with  proteid.  In  the 
case  of  a  soluble  proteid-acid  product,  the  compound  may  be  pre- 
cipitated and  the  quantity  of  acid  that  is  held  in  the  precipitate  or 
left  in  the  solution  determined  by  ordinary  chemical  methods. 
Titration  of  the  solution  has  been  the  method  usually  employed. 
As  precipitants,  Cohnheim  and  Spiro  and  Pemsel  used  ammonium 
sulphate.  Later  Ccrfinheim  and  Krieger  introduced  the  use  of  cal- 
cium phospho-tungstate.  Erb  also  employed  this  method,  and  his 
results  led  to  the  conclusion  that  proteid-acid  salts  hydrolyze  more 
completely  as  their  concentration  increase,  a  behavior  directly  op- 
posite to  that  of  known  hydrolizible  salts.  Von  Rohrer,  however, 
showed  that  the  calcium  phospho-tungstate  method  could  not  give 
accurate  results,  because  the  phospho-tungstic  acid,  like  phosfAoric, 
renders  accurate  titration  impossible.  He  showed  that  picric 
acid  and  dipotassium  mercuric  tetraiodide  {K,HgI,)  precipitated 
acid  albumin  containing  an  unvarying  equivalent  of  acid  inde- 
pendent of  the  excess  or  kind  of  acid,  also  of  the  temperature,  and 
of  the  precipitant  used.  He  explains  this  on  the  ground  that  while 
an  equilibrium  exists  between  the  acid-profeid  (Alb  CI)  and  free 
proteid  (Alb  OH), 

AlbCI  +  HOH^vAlbOH  -i  HCI 
only  the  acid-proteid  is  sufficiently  dissociated  to  react  with  the  pre- 
cipitant. As  this  is  precipitated'and  the  equilibrium  disturbed,  the 
reaction  goes  from  right  to  left,  forming  more  Alb  CI,  which  in  turn 
is  thrown  down,  until  no  proteid  is  left  in  solution,  the  precipitate 
being  entirely  unhydrolyzed  acid-proteid.     This  method  gave  the 

Mrf/i,  Phytipl.  Chftn.,  36;233,    1898-9, 
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acid  equivalents  of  the  proteids,  but,  as  von  Rohrer  points  out, 
physico-chemical  methods  must  be  employed  in  order  to  ascertain 
the  degree  of  hydrolysis  of  the  proteid  and  the  amount  of  acid  it 
holds  as  it  exists  In  solution. 

Several  physico-chemical  methods  have  been  employed  to  meas- 
ure the  acid  combined  when  no  precipitation  occurs.  Sjoqvist  used 
the  method  of  electrical  conductivity.  Bugarszky  and  Liebermann 
measured,  by  means  of  the  electromotive  force  of  concentration 
cells  containing  acid,  the  changes  in  concentration  of  the  latter 
caused  by  contact  with  proteid;  they  also  measured  the  change  in 
freezing  point  due  to  the  addition  of  various  amounts  of  proteid 
to  dilute  acid.  Cohnheim  measured  the  free  acid  by  the  velocity 
of  the  catalysis  of  cane  sugar. 

However,  in  the  work  done  by  most  of  the  investigators  men- 
tioned above,  the  compounds  of  proteids  and  acids  which  they 
studied  are  soluble,  unlike  the  insoluble  substance  formed  by  treat- 
ing casein  with  dilute  acids.  Osborne^  has  studied  the  action  of 
hydrochloric  acid  upon  neutral  edestip  suspended  in  water,  con- 
cluding that  it  forms  a  monochloride  insoluble  in  water.  Leo" 
states  that  fibrin  forms  a  series  of  insoluble  compounds  with  hydro- 
chloric acid.  Laxa*  and  Richet*  are,  so  far  as  we  know,  the  only 
workers  who  have  worked  with  casein,  proceeding  upon  lines  similar 
to  our  previous  work,  Laxa  regards  the  insoluble  substance  formed 
by  treating  casein  with  lactic  acid  as  a  case  of  chemical  combination. 
He  conclu<Ies  that  lactates  of  casein  which  contain  one  per  ct,  of 
lactic  acid  or  less  are  insoluble  in  water,  while  lactates  of  casein  with 
higher  content  of  acid  are  soluble. 

When  the  proteJd-acid  substance  is  insoluble,  as  in  the  case  of 
casein  with  dilute  acids,  the  amount  of  acid  taken  up  by  the  casein 
may  be  measured  by  determining  through  titration  how  much  acid 
remains  in  the  filtrate  after  the  removal  of  the  insoluble  casein-acid 
substance.  The  titration  method,  as  used  in  previous  work,  gives 
misleading  results,  unless  the  conditions  of  treatment  are  such  that 
no  casein  goes  into  solution.     In  case  of  solution,  the  amount  of 

'Jour.  Amer.  Ckem.  Soc,  34:39.     1902. 

'  Ztsckr.  Physiol.  Ckent..  46:286.    1905. 

'Milchw.  Zentbl.,  1:538.     1905. 

'Compt.  Rend.  Soc.  Biol.  [Parijt],  60^150.    1906. 
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acid  in  the  filtrate,  measured  as  free  acid,  is  too  high,  since  the 
titration  represents  not  only  the  acid  that  has  not  been  taken  up  by 
casein  but  also  that  which  has  combined  to  form  soluble  compounds 
and,  in  addition,  the  acidity  of  the  dissolved  proteid  itself.  When 
the  work  previously  published  was  done,  the  ease  with  which  casein 
dissolves  in  very  dilute  acids  was  not  fully  appreciated,  and  the 
conditions  then  employed  permitted  some  solution,  as  we  have  since 
learned  by  repeating  some  of  the  former  work. 

When  no  solution  occurs  and  conditions  permit  the  use  of  acids 
sufficiently  concentrated  for  accurate  titration,  results  by  titration 
agree  closely  with  those  obtained  by  measuring  electrical  con- 
ductivity. In  order  to  avoid  solution,  it  was  necessary  to  use  dilu- 
tions as  high  as  N-iooo  or  to  have  the  reaction  occur  at  low 
temperature.  In  the  case  of  high  dilution,  accurate  titration  was 
impossible,  even  when  solution  was  prevented,  and  therefore  con- 
ductivity measurements  were  used  in  all  cases  as  the  basis  of  our 
work. 

When  we  began  the  work  embodied  in  this  article,  we  expected 
simply  to  measure  more  accurately  the  amount  of  acid  that  would 
combine  with  one  gram  of  casein  to  form  a  definite  compound  in- 
soluble in  water;  but  we  soon  found  the  problem  less  simple  than 
we  had  supposed.  In  one  set  of  experiments,  we  treated  varying 
amounts  of  casein  with  a  fixed  amount  of  acid,  the  larger  amounts 
of  casein  being,  theoretically,  more  than  sufficient  to  take  up  all  the 
acid,  judging  from  previous  results.  However,  we  found  that  some 
free  acid  remained  in  the  filtrate  in  every  case  and,  moreover,  the 
add  was  taken  up  in  different  proportions  by  the  casein.  Also,  in 
treating  casein  with  acids  of  different  concentrations,  it  was  found 
that  the  amount  taken  up  varied  with  the  different  concentrations  of 
solution.  The  phenomena  were  such  as  to  suggest  something  else 
than  simple,  definite  chemical  combination ;  an-l  our  study  practically 
resolved  itself  into  an  effort  to  decide  what  hvpothesis  was  best  sup- 
ported by  facts, —  whether  that  of  (i)  definite  chemical  combina- 
tion accompanied  by  hydrolysis,  or  (2)  solution  of  acid  in  proteid,  or 
(3)  adsorption. 

In  order  to  obtain  data  which  might  be  utilized  in  coming  to  a 
decision  in  regard  to  the  kind  of  action  involved,  the  behavior  of 
casein  was  studied  (i)  with  adds  of  different  dissociating  power, 
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(2)  with  acids  of  different  concentrations,  (3)  for  different  periods 
of  time,  (4)  at  different  temperatures,  and  (5)  with  dilute  solutions 
of  neutral  salts. 

The  acids  used  were  hydrochloric,  lactic,  sulphuric  and  acetic. 
The  concentrations  of  the  acids  used  were,  approximately,  N-125, 
N-500,  N-iooo  and  N-2000. 

The  periods  of  time  used  for  keeping  casein  and  acid  in  contact 
varied  from  one  minute  to  forty-eight  hours;  the  periods  usually 
employed  were  5,  15  and  45  minutes,  lyi,  3  and  6  hours,  in  the  case 
of  experiments  at  room  temperature  or  higher;  while  additional 
periods  of  12,  24,  and  sometimes  48  hours  were  used  in  the  case  of 
experiments  at  0°  C.  The  temperatures  used  were  0°,  about  25" 
(room  temperature)  and  45°  C,  The  study  of  hydrochloric  and 
sulphuric  acids  was  made  to  cover  more  details  than  in  the  case  of 
the  other  actds. 

DESCRIPTION  OF  METHODS,  APPARATUS  AND  RE- 
AGENTS USED. 
method  of  preparing  casein. 
To  J  liter  of  fresh,  separator  skim-milk,  we  add  about  6  liters 
of  distilled  water  and  enough  dilute  acetic  acid  (10  to  15  cc.  of 
strong  acid  diluted  with  water  to  a  liter)  to  cause  complete  pre- 
cipitation of  casein,  avoiding  any  marked  excess  of  acid.  ITie 
mixture  is  kept  vigorously  agitated  while  the  acid  is  being  grad- 
ually added.  The  precipitate  is  allowed  to  settle,  the  superna- 
tant liquid  is  decanted  or  siphoned  off,  after  which  the  precipi- 
tate is  washed  with  copious  amounts  of  distilled  water,  until  the 
wash-water  no  longer  shows  an  acid  reaction  to  litmus.  The  pre- 
cipitate is  then  treated  with  Just  enough  dilute  ammonia  water 
(about  5  cc.  of  strong  ammonia  diluted  to  a  liter)  to  dissolve  the 
casein,  forming  a  solution  neutral  to  litmus.  Tlie  solution  is  diluted 
to  about  6  liters  with  distilled  water  and  reprecipitated  by  dilute 
acetic  acid.  Much  less  acid  is  required  for  the  second  and  subsequent 
precipitations  than  for  the  first.  The  precipitate  is  washed  free 
from  acid  as  before  and  then  redlssolvcd  in  dilute  ammonia.  Re- 
precipitation  and  redissolving  should  be  performed  five  or  six  times. 
The  casein  should  not  be  allowed  to  gt^nd  longer  than  necessary 
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in  contact  with  either  acid  or  alkali.  The  final  filtration  and  wash- 
ing are  completed  on  a  Buchner  funnel,  the  precipitate  heing 
washed  until  free  from  acid.  The  washed  precipitate  is  then  sus- 
pended in  one  liter  of  N-iooo  HCl  and  agitated  for  two  hours, 
in  order  to  remove  any  remaining  inorganic  salts  as  completely  as 
possible.  Two  treatments  of  this  kind  are  given.  The  casein  is 
finally  washed  until  free  from  hydrochloric  acid  and  is  then  agitated 
for  two  or  three  hours  with  a  liter  of  very  pure  water  (showing 
a  conductivity  not  greater  than  1.5  to  1.8  X  10-*),  the  operation 
being  repeated  two  or  three  times  until  the  filtrate  shows  an  in- 
crease of  not  more  than  i  or  2  X  10-*  in  ■  conductivity,  as  com- 
pared with  the  conductivity  of  the  wash  water  used.  The  pre- 
cipitate is  then  treated  with  about  a  liter  of  strong  alcohol  and 
ether  (these  reagents  should  show  no  conductivity  when  mixed 
with  pure  water),  in  order  to  remove  any  fat  that  may  adhere 
to  the  casein.  The  precipitate  is  then  dried  at  room  temperature, 
ground  fine  in  a  mortar  and  finally  dried  at  45°  to  50°  C,  until  the 
moisture  content  is  reduced  to  3  or  4  per  ct.  Casein  thus  prepared 
by  us  had  an  ash  content  of  about  0.25  to  0.30  per  ct.  We  used  this 
method  of  drying,  because,  according  to  Laqueur  and  Sackur,* 
moisture  can  be  completely  removed  from  casein  only  by  heating 
to  a  temperature  that  may  alter  the  nature  of  the  proteid.  Cor- 
rection is  made  for  moisture,  so  that  the  amounts  used  in  our  work 
represent  water-free  casein. 

It  is  important  that  the  casein,  when  suspended  in  water,  shall 
show  little  or  no  conductivity.  With  sufficient  care  one  can  prepare 
casein  that  is  practically  can<luctivity-free.  Hardy*  speaks  of  the 
impossibility  of  obtaining  suspensions  of  globulin  free  from  con- 
ductivity. 

The  thorough  treatment  of  the  casein  with  dilute  hydrochloric 
acid  and  water  near  the  end  of  the  process  of  preparation  rendered 
it  probable  that  no  salts  would  be  left  in  the  casein  in  a  form 
capable  of  vitiating  results  by  dissolving  or  reacting  with  the  acids 
used  under  the  conditions  of  experiment.  Proof  of  this  was 
afforded  by  the  agreement  of  the  conductivity  and  titration  results 
in  experiments  made  under  conditions  such  that  solution  of  proteid 
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was  avoided,  as  well  as  by  agreement  of  the  equilibria  obtained  by 
different  methods  of  treatment.  (See  Fig.  8  and  Table  XVIII  for 
examples.) 

GENERAL  OUTLINE  OF  METHOD  OF  MEASURING  ACIDITY. 

The  method  of  finding  the  amount  of  acid  taken  up  by  a  given 
weight  of  casein  was,  briefly  stated,  as  follows :  The  casein  was 
agitated  in  a  Jena  Erlenmeyer  flask  with  a  measured  volume  of 
acid  of  known  strength  for  a  given  period  of  time,  after  which 
it  was  filtered  and  the  amount  of  acid  taken  up  by  the  casein 
was  ascertained  by  means  of  the  decrease  in  the  conductivity  of 
the  solution.  In  a  part  of  the  work,  titration  results  with  N-ioo 
NaOH  were  obtained  for  comparison  with  the  conductivity  results. 

The  details  of  the  method  will  be  considered  in  the  following 
order:  (i)  Preparation  of  flasks,  {2)  preparation  of  standard 
solutions,  {3)  measuring  solutions  for  use,  (4)  preparation  of  con- 
ductivity water,  (5)  methods  of  agitation,  (6)  introducing  casein 
into  the  acid  solution,  (7)  filtration,  (8)  method  of  measuring  con- 
ductivity, (9)  data  illustrating  accurracy  of  method,  (ro)  calcu- 
lating conductivity  results  in  terms  of  concentration  of  acid. 

PREPARATION    OF  FLASKS. 

Jena  Erlenmeyer  flasks  holding  200  cc.  were  used  in  holding 
the  acid  and  casein  for  reaction.  It  is  important  to  use  glassware 
which  on  contact  with  solutions  will  not  affect  the  conductivity. 
Jena  glassware  was  found  to  meet  this  requirement  and  it  was 
employed  in  all  operations  where  solutions  were  in  contact  with 
glassware  for  any  considerable  perbd  of  time.  Before  being  used, 
the  flasks  were  carefully  cleaned,  rinsed  with  distilled  water,  then 
with  conductivity  water  and  finally  dried  in  a  steam  oven. 

Rubber  stoppers,  thinly  coated  with  paraffin,  were  used  in  these 
flasks ;  the  stoppers  were  thoroughly  rinsed  with  conductivity  water 
and  then  dried  on  clean  filter  paper  before  being  used.  A  test  of  the 
effect  of  paraffin  showed  it  to  be  practically  without  influence  upon 
the  conductivity  of  water. 
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PREPARATION  OF  STANDARD  SOLUTIONS  OF  ACIDS. 

A  solution  of  N-lo  HCl  was  standardized  by  the  ofBclal  silver 
chloride  method,^  A  solution  of  N-io  NaOH  was  then  prepared 
by  titration.  By  means  of  this,  N-io  solutions  of  other  acids  were 
prepared.  The  acetic  and  lactic  acids  used  were  of  the  highest 
quality  manufactured  by  Kahlbaum;  the  hydrochloric  and  sulphuric 
adds  were  of  the  purest  grade  made  by  Baker  &  Adamson,  Only 
water  of  less  than  2.2  X  10-*  conductivity  was  used  in  making  the 
standard  preparations  of  acids. 

MEASURING  SOLUTIONS  FOR  USE. 
In   measuring  the  solutions,  carefully  calibrated  pipettes  were 
used   and   the   solutions  were  delivered   into  the  flasks  with  the 
smallest  possible  amount  of  exposure  to  the  air, 

PREPARATION   OF  CONDUCTIVITY  WATER. 

Water  of  conductivity  as  low  as  i  X  10'  was  prepared  by  treat- 
ing ordinary  distilled  water  with  a  mixture  of  sulphuric  acid  and 
potassium  bichromate  and  then  distilling.  To  a  12-gaUon  carboy  of 
ordinary  distilled  water  (of  conductivity  equal  to  15  to  18  X  10-*) 
we  added  in  water  solution  20  grams  of  potassium  bichromate  and 
■  20  cc.  of  concentrated  sulphuric  acid,  and  then  allowed  the  water 
thus  treated  to  stand  about  24  hours  before  distillation.  This  was 
performed  with  a  retort  of  Jena  glass,  arranged  in  the  manner  de- 
scribed by  Hulett.^  Four  liters  of  the  treated  water  were  placed 
in  the  retort  and  the  first  three  distilling  over  were  collected  in  a 
Jena  glass  flask.  The  conductivity  of  the  first  liter  of  distillate  was 
generally  1.0  to  1.2  X  10-",  and  of  the  third,  1.5  to  1.8  X  '0-*.  A 
condensing  tube  of  glass,  after  several  liters  had  been  distilled 
through  it,  gave  as  pure  water  as  we  were  able  to  get  with  a  block- 
tin  tube.  It  was  found  unnecessary  to  redistil  the  water  from 
barium  hydroxide,  since  the  laboratory  distilled  water  appeared  to 
contain  practically  no  carbon  dioxide. 


'U.  S.  DepL  Agr.,  Chera.,  Bui.  No.  46- 
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introducing  casein  into  acid  solution. 
The  desired  amount  of  acid  is  first  delivered  into  the  reaction 
flask  and  then  to  this  is  added  the  weighed  amount  of  casein.  In 
the  experiments  carried  on  at  45°  and  0°  C,  the  acid  solution  in 
tlie  flask  was  allowed  to  come  to  the  desired  temperature  before 
the  casein  was  introduced. 


METHM)S  OF  AGITATING  THE  UIXTURE  OF  CASEIN  AND  ACID. 

In  most  of  the  experiments  made  at  room  temperature,  we  placed 
the  flasks  in  a  revolving  apparatus,  which  kept  the  casein  in  con- 
stant motion  throughout  the  acid  solution.  In  the  experiments 
made  at  o°  and  45°  C,  the  agitation  was  performed  by  occasional 
shaking  by  hand.  When  the  mixtures  of  casein  and  acid  were 
shaken  only  at  intervals,  the  reaction  rate  was  somewhat  slower 
and  less  regular  than  when  agitation  was  continuous,  the  irregular- 
ity being  shown  by  points  lying  noticeably  oflf  their  curves  occa- 
sionally, but  the  difference  was  not  great  and,  of  course,  the  equi- 
librium finally  reached  was  not  altered. 

METHOD  OF  FILTRATION. 

When  the  casein  has  been  in  contact  with  the  acid  as  long  as 
desired,  the  liquid  is  filtered  into  a  200  cc,  Jena  flask  through  a 
platinum  Gooch  crucible.  The  receiving  flasks  are  cleaned  and 
dried  in  the  manner  already  described  above.  The  Gooch  crucibles, 
before  use,  are  rinsed  with  conductivity  water,  then  a  thin  mat  of 
asbestos,  previously  suspended  in  conductivity  water,  is  formed  in 
the  bottom  of  each.  Before  use  the  whole  is  dried  in  order  to  pre- 
vent any  dilution  of  the  filtrate  by  adherent  water.  To  insure  the  fil- 
trate further  against  possible  contamination,  the  precaution  is  taken 
to  rinse  the  receiving  flask  with  two  portions,  of  a  few  cubic  centi- 
meters each,  of  the  filtrate  first  drawn  through,  these  rinsings  being 
thrown  away.  In  this  way,  one  can  filter  100  cc.  of  liquid  in  less 
than  a  minute,  thus  reducing  to  a  minimum  the  exposure  of  the 
solution  to  air.  Water  having  a  conductivity  of  1.5  X  10-*  in- 
creased only  0.Z  to  0.3  X  10-'  after  being  passed  through  such  a 
filter  in  a  blank  experiment. 
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method  of  measuring  the  conductivity  of  the  filtr.\te, 

The  flask  containing  the  filtrate  is  closed  at  once  after  filtration 
by  a  paraffined  rubber  stopper,  prepared  in  the  manner  previonsly 
described;  it  is  then  placed  in  the  thermostat  at  25°  C.  and  allowed 
to  remain  until  the  solution  has  reached  this  temperature,  usually 
about  one  hour.  The  electrical  conductivity  is  then  measured  in  an 
ordinary  Ostwald  or  Arrhenius  cell. 

After  the  filtrates  in  a  number  of  flasks  have  been  brought  to 
the  temperature  of  the  thermostat,  the  conductivities  can  be  taken 
in  rapid  succession.  We  found  the  following  method  of  manipula- 
tion to  combine  satisfactorily  accuracy  and  rapidity  in  running  a 
series  of  measurements: — The  cell  and  electrodes  are  dried  with 
clean  filter  paper  after  examining  each  filtrate,  rinsed  with  the  next 
filtrate  to  be  tested  and  then  placed  in  the  thermostat,  after  which 
some  of  the  solution  to  be  tested  is  placed  in  the  cell.  After  the 
resistance  is  taken,  the  solution  is  stirred  with  the  electrodes  a 
short  time  to  make  sure  that  the  solution  has  reached  the  tempera- 
ture of  the  bath.  We  rarely  observed  any  change  in  the  second 
reading. 

The  reading  is  then  taken  with  care,  using  in  the  resistance  box 
a  resistance  which  brought  the  knife  contact  near  the  center  of  the 
bridge,  where  the  error  is  least.  The  solution  in  the  cell  is  replaced 
by  a  second  portion  from  the  same  flask  and  the  reading  repeated. 
The  two  readings  are  usually  identical.  In  case  of  disagreement,  a 
third  portion  of  solution  is  used,  which  practically  always  agrees 
with  the  second.  In  the  case  of  the  last  portion  used,  three  read- 
ings are  taken  on  different  parts  of  the  bridge.  The  results  usually 
agree  within  a  limit  of  one  part  in  a  thousand. 

All  measurements  of  conductivity  were  taken  with  a  calibrated 
Wheatstone  bridge  by  the  usual  Kohlrausch  method  at  a  tempera- 
ture or  25°  C,  -j-  0.03°  C,  maintained  in  a  thermostat  by  an  Ostwald 
regulator. 

The  capacities  of  the  Ostwald  and  Arrhenius  cells  were  deter- 
mined and  frequently  checked  with  N-50  and  N-500  KCl  solutions, 
respectively.  The  solutions  were  made  by  successive  dilutions  from 
a  standard  normal  solution  having  a  specific  gravity  at  18°  C.  of 
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1.Q4488  (water  at  4°  C^i).  The  potassium  chloride  had  been 
recrystallized  four  times  from  solution  in  conductivity  water  and 
then  finally  fused. 

DATA    ILLUSTRATING   ACCURACY    OF    METHOD   USED    IN    EXPERIMENTS. 

Results  obtained  by  the  method  employed  could  be  closely  dupli- 
cated when  tlie  conditions  of  experiment  were  uniform.  For  ex- 
ample, four  portions  of  100  cc,  each  of  N-125  lactic  acid  were 
treated  under  constant  agitation  for  20  minutes,  each  with  1  gram 
of  casein.  The  percentages  of  acid  taken  up,  as  shown  by  measur- 
ing the  conductivities  of  the  filtrates,  were  29.73,  29.94,  29.64  and 
29.85.  The  agreement  of  these  figures  may  be  regarded  as  satis- 
factory, when  we  consider  the  fact  that  the  reaction  is  still  proceed- 
ing quite  rapidly  at  the  end  of  20  minutes  and  that  the  exact  time 
of  contact  was  not  quite  the  same  in  each  case,  owing  to  the  inter- 
val required  for  removing  the  flasks  from  the  shaker  and  filtering. 
As  the  reaction  approaches  equilibrium,  the  proportion  of  error 
decreases. 

METHODS  OF   CALCULATING  EQUIVALENT  CONCENTRATIONS  OF  DILUTE 
ACIDS  FROM  CONDUCTIVITIES. 

It  is  important,  of  course,  to  state  the  results  of  conductivity 
measurements  in  terms  expressing  equivalent  amounts  of  acid. 
The  method  of  Kohlrausch,^  while  convenient  to  use  when  only 
a  few  calculations  are  needed,  was  found  unwieldy  for  our  work, 
even  with  the  mineral  acids.  In  the  case  of  the  weak  organic 
acids,  the  method  was  practically  useless,  owing  to  the  number 
of  approximations  required  in  each  calculation  before  reaching  an 
accurate  result.  Consequently,  we  worked  out  two  simpler  methods, 
one  for  the  mineral  acids  and  one  for  the  organic,  which  enabled 
us  to  make  the  necessary  calculations  with  comparative  ease  and 
rapidity. 

Method  for  sulphuric  and  hydrocloric  acids. —  The  purely  graph- 
ical method  is  simplest  in  principle  but  involves  the  laborious  pre- 
paration of  very  accurate  curves.     The  purely  mathematical  cal- 

'Leit  d  Elek.,  p.  130. 
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culation  is,  as  already  stated,  unwieldy.  A  combination,  however, 
of  simple  approximate  calculation  with  a  relatively  small  graphical 
correction  avoids  both  these  difficulties.  For  the  mineral  acids,  we 
used  the  formula  x  ^^ ^^  ;  ^  =  7  X  10*^  the  concentration  of  the 
acid  based  on  that  of  N-iooo  as  unity;  R=:  the  resistance  of  the 
acid  in  the  cell;  ^  ^  a  graphic  correction  to  R-  Tlie  formula  is 
based  on  the  fact  that,  for  electrolytes  as  strong  as  hydrochloric 
and  sulphuric  acids,  dissociation  is  sufficiently  complete  at  dilutions 
above  N-125  to  make  the  resistance  approximately  inversely  jiro- 
portional  to  the  concentration.  If  the  proportion  were  exact,  the 
equation,  x  =-|- .  would  hold  good.  However,  as  the  concentration 
increases  from  the  point  where  dissociation  is  not  complete,  R- 
becomes  too  large  to  fit  the  equation  exactly,  the  proportionate 
excess  increasing  with  the  concentration.  By  subtracting  this  ex- 
cess, ^,  from  R,  we  have  the  equation,  x  =^  °  -  ,  which  is  exact. 
The  value  of  ^  can  easily  be  determined  with  accuracy  sufficient  for 
results  correct  to  one  pro  mil.  by  graphic  interpolation,  plotting 
values  of  R  as  abscissae  and  those  of  ^  as  ordinates.  Of  course, 
one  can  use  conductivities  as  easily  as  resistances,  employing  the 
formula  x  ^  c  (k— ^) ;  k  ^  conductivity;  but  more  convenient 
curves  are  obtained  by  the  use  of  resistances.  After  finding  the 
values  of  c  and  ^  for  a  cell  of  capacity  K,  the  formula  can  be 
used  with  a  cell  of  capacity  K'  by"  multiplying  c  and  ^  by  -?'. 

In  the  case  of  sulphuric  acid,  the  range  of  dilution  (N-125  to 
N-8000)  was  so  great  that  it  was  found  convenient  to  use  two 
cells  and  construct  a  curve  for  the  range  over  which  each  was 
employed.  The  curves  include  the  correction  for  the  influence  of 
water,  since  water  of  the  same  character  and  conductivity  was  em- 
ployed in  finding  the  values  of  ^  and  in  the  subsequent  experi- 
ments. This  is  of  advantage  because,  when  working  with  mineral 
acids  and  bases,  it  is  doubtful  whether  subtracting  the  conductivity 
of  the  water  gives  correct  results.  Ostwald  favors  ignoring  the 
effect  of  the  water,  since  the  impurity  may  be  of  such  a  nature  as 
even  to  lower  the  conductivity.'  Kohlrausch,^  on  the  other  hand, 
remarks  in  discussing  this  plan :  "  So  steht  ein  solches  Verfahren 
vollstandig  in  der  Luft." 

■  Physico-Chemical  Measurements,  translated  by  Walker,  p.  235- 

'Leit.  d.  Elefc.,  p.  98.  r :  ,  .  di ,  GoOqIc 
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The  value  of  ^  for  hydrochloric  acid  was  determined  from  the 
table  given  below.  The  series  of  resistances  was  talcen  by  re- 
peated dilutions  of  the  solution  in  the  cell  by  means  of  calibrated 
pipettes,  the  series  being  checked  by  re[>ctition  and  by  duplicating 
the  more  dilute  solutions  with  those  made  directly  from  N-105.S. 


Table  I.— Showing  Valu 
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Calculating  the  constant  of  the  formula  from  the  resistance  at 
the  highest  dilution,  we  have  c^=;rR^.5905  X  1698^  1003, 
which  gives,  as  the  formula,  x=^  1^22  = i^J^    —      in  which 

^  '  '  R-o         R-a    (coireclKl  for  K)' 

K  equals  capacity  of  cell  based  on  the  ■  -,  unit  of  conductivity 
for  electrolytes. 

Similarly  thi?  formula  for  sulphuric  acid  is  found  to  be  J  =^  '"'^ 
the  value  of  ^  being  given  below  Jn  Table  II. 

For  general  use  with  cells  of  varrying  capacities,  it  is  convenient 
to  prepare  a  table  with  values  of  R  and  ^  reduced  to  fit  a  cell  o£ 
capacity  equal  to  i.  Tlie  value  of  R  and  ^  are  ihen  transposed  to  fit 
a  cell  of  any  capacity,  K',  simply  by  multiplying  them  all  by  K',  since 
-^i=  K'.  The  values  for  sulphuric  acid  for  a  cell  of  unit 
capacity  are  given  in  the  following  table  (conductivity  of  water 
=  14  X  lo-") : 

Table  II.— Showing  Values 
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The  values  of  A»°  calculateil  for  sulphuric  and  hydrochloric 
adds  from  the  resistances  given,  after  correcting  for  conductivity 
of  water,  agree  within  a  fraction  of  a  per  ct.  with  those  of  Kohl- 
rausch '  as  corrected  by  the  temperature  coefficients  of  the  two 
acids.^ 

Method  far  lactic  and  acetic  acids. —  The  metliod  used  in  cal- 
culating the  conductivity  results  obtaind  with  lactic  and  acetic  acids 
into  their  acid  equivalents  was,  like  that  employed  for  the  mineral 
acids,  a  combination  of  approximate  calculation  and  graphic  cor- 
rection, the  maxima  of  such  corrections  being  1.9  per  ct.  for  acetic 
acid  and  5  per  ct.  for  lactic  acid, 

■The  purely  empirical  but  convenient  method  of  approximate  cal- 
culation was  based  on  the  following  data :  Representing  the  resist- 
ance of  N-125  acid  as  R,jb,  etc.,  it  was  found  for  lactic  acid  that  Rin,, 
=  1.50  Ri,,,,  while  R,(|(|,=  1.58  Rkmo,  intermediate  ratios  ranging 
between  1.50  and  1.58.  The  percentage  increase  caused  by  doubling 
the  dilution  is  fairly  constant,  varying  from  50  to  58.  For  acetic 
acid  the  variation  is  even  less.  Thus,  R,5o  =  1,44  R^b  and 
Kwwo  =  145  Riwe-  Increasing  by  100  per  ct.  the  dilution  of  any 
solution  between  N-125  ^"^  N-iooo  concentrations  results  in  an 
increase  of  from  44  to  45  per  ct.  in  the  resistance.  In  general,  the 
ratio  between  the  percentage  increase  in  dilution  and  the  percent- 
age increase  in  resistance  is  nearly  constant.  This  relation  is  ex- 
pressed by  the  following  simple  formula  for  use  in  calculation : 

(i)  logT  =  log.r„  — c(I<^ff— logi?,) 

(2)  =foga-o  — c(logfe  — logio) 

These  two  forms  allow  one  to  calculate  x  from  either  resist- 
ance   (r)    or   conductivity    (2).     The  value  of  c   is   determined 

from  either  resistance  or  conductivities:     c^-,— -„^ /°-^^  = 

logff^— log/e, 

log  ;*■  —  log  X..,., 

. — r^ — r--,   t  »n  which  X  ==  Ti    X    10'  ^  concentration  sought 
log*,— Ic^fc^ 

(=1    for    N-iooo    concentration);    x„=^    concentration    of    the 

strongest   solution    to   which   the   formula   is   applied    (N-i2S    in 

present  case)  ;  x^  ^=  concentration  of  most  dilute  solution  to  which 

*  Leit.  d.  Elek.,  p.  :6o. 
•Ibid,  p.  199- 
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formula  is  applied  (N-20Q0  in  present  case)  ;  R,  R„  and  J?  :=the 
corresponding  resistances,  while  k,  k^  and  k^  are  the  corresponding 
specific  conductivities  (most  conveniently  multiplied  by  lo"  for  use). 

The  formula  was  derived  as  follows:  Assuming  the  constancy  of  the 
ratio  between  the  percentage  increments  in   resistance   R  and   in   dilution 

(or     equivalent     volume),     F,     respectively,    we     have.— Ci)"t;-=c  —^  . 

Integrating,  we  have,— (2)   In   J^^dnR+const,  in  which  const.  ^InK, — 
clnK,.    (3)  lnC=lnP'_+c  (InR— InR^).    Since  ^  =  f-Mnr  =  — In*,  and 
(4)  lnjr  =  lnJ?,  — c  (loR  —  lnR,). 
^  =  .''•.■.  lnK  —  lnff,  =  lnA,  —  lnfe.    Substituting  {lnfe,_  InA)    for  (InR 

—  Ini?,)  in  4,  we  have, — (s)  Inx^ln*'^  —  e  (InA, — Ini).  As  all  terms 
are  logarithmic  and  require  multiplication  by  the  same  modulus  to 
change  to  Briggs'  logarithm,  equations  (4)  and  (s)  hold  without  change 
for  ordinary  logarithms  and  constitute  the  formula  already  given.  The  de- 
termination of  the  constant  of  integration  from  values  of  F^  and  R^  renders 
the  equation  exact  for  a  solution  of  i^  concentration,  while  the  determina- 
tion of  c  from  values  X^  and  R^  render  it  exact  tor  a  solution  of  concentra- 
tion Xj.  This  formula,  with  graphic  correction,  can  be  employed  for  mineral 
as  well  as  organic  electrolytes,  iho  not  so  simple  as  the  one  previously  given. 

The  following  values  were  obtained  for  the  two  acids : 

Lactic  acid 8        0.5        2036K        ii,6loK 

Acetic  acid 8        0.5        6624K        28,87oK 

K=3capacity  of  cell. 
From   these  values,   the   constants   of  the   two    formulas   were 
obtained : 

log  Xt  c  log  Jf  e 

Lactic  acid 9031       1.592      4.0649  +  IogK 

Acetic  acid 9031       1.882      4.4605  +  Ic^  K 

The  formulas  are  exact  for  the  concentrations  selected  as  limits. 
(N-125  and  N-2000)  and  approximate  for  intermediate  points. 
The  corrections  having  been  determined  at  a  few  of  these  points, 
the  remaining  ones  were  graphically  interpolated,  plotting  as  ab- 
scissae values  of  x  calculated  by  the  formulas,  and  as  ordinates,  the 
corresponding  corrections.  These  corrections,  like  those  in  the 
formula  for  mineral  acids,  include  those  due  to  the  influence  o£ 
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water.    The  conductivity  of  the  latter,  for  all  work  with  lactic  and 
acetic  acids,  varied  from  1.2  X  lO'^  to  1.7  X  10*, 


Tablb  III. — Showing  Corrections  to  Fouuulas  i 

Acetic  Acids. 
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The  series  of  resistances,  from  which  the  formula  constants  and 
intermediate  corrections  were  calculated  in  the  case  of  these  two 
acids,  were  taken  in  the  usual  manner  by  dilution  in  the  cell,  check- 
ing the  results  by  duplicates  of  the  higher  dilutions  made  directly 
from  the  lowest,  and  by  running  duplicate  series. 

The  values  found  for  the  molecular  conductivity  of  lactic  acid, 
after  making  correction  for  the  conductivity  of  the  water,  are 
considerably  higher  than  those  given  by  Ostwald.'  We  are  unable 
to  account  for  this  difference,  since  we  observed  all  required  pre- 
cautions, using  Kahlbaum's  c.  p.  acid  and  preparing  fresh  N-io 
solutions  with  which  to  run  duplicate  scries. 

In  taking  the  resistance  of  lactic  acid,  it  was  found  necessary 
to  heat  the  electrodes,  as  recommended  by  Whetham,*  changing 
the  platinum  black  to  gray,  before  we  could  obtain  accurate 
readings. 

EXPERIMENTAL  RESULTS. 
While  the  main  purpose  of  our  work  was  to  study  the  action 
of  dilute  acids  upon  casein  when  no  soluble  compounds  are  formed, 
it  became  necessary  to  ascertain  the  conditions  under  which  soluble 
compounds  are  formed,  in  order  to  avoid  such  solution.  We  shall, 
therefore,  consider  this  phase  of  our  work  first. 


*  Kohlrausch.    Leit.  d.  Elek.,  p.  179. 
*Pha.  Tram.  Roy.  Soc.  London,  im:343- 
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the  solubility  of  casein  in  dilute  acids. 

The  ready  solubility  of  casein  in  acids  of  N-io  or  N-20  con- 
centration, especially  hydrochloric  acid,  has  been  a  familiar  fact  for 
a  ItMig  time,  but  little  has  been  done  in  studying  the  solubility  of 
casein  in  acids  much  above  N-ioo  dilution.  Our  work  shows  that 
casein  is  appreciably  dissolved  at  25°  C.  by  hydrochloric  and  lactic 
acids  of  N-iooo  dilution,  and  by  N-125  acetic  acid.  In  all  cases  the 
solubility  is  markedly  increased  by  increase  of  temperature. 

Evidence  of  solution  can  be  furnished  by  the  following  observa- 
tions: 

(i).  Viscosity  of  solution. —  After  being  treated  with  casein  by 
the  method  described  on  p.  210,  acids  show  marked  viscosity,  ^  In 
the  case  of  slight  solution  of  casein,  this  is  shown  by  the  readiness 
with  which  foam  is  produced  when  the  fiask  containing  the  filtrate 
is  shaken,  and  also  by  the  length  of  time  the  foam  persists.  The 
behavior  ofc  the  foam  is  very  different  in  amount  and  duration  from 
that  formed  by  agitating  a  solution  of  acid  that  contains  no  dis- 
solved proteid.  In  the  case  of  more  marked  solution,  viscosity  is 
more  readily  noticed,  and  the  liquid  foams  noticeably  while  being 
drawn  through  the  filter;  it  also  filters  more  slowly.  In  cases  of 
very  marked  solution,  filtration,  even  by  suction  through  a  thin 
asbestos  mat,  was  difficult  and  the  filtrate  consisted  largely  of  foam. 

{2)  Behavior  of  solution  on  adding  alkali. —  The  clear  filtrate 
on  titration  with  N-ioo  NaOH  becomes  opalescent  and  varies  frcwii 
that  to  milky  turbidity  and  even  to  the  fonnatiou  of  a  heavy  curd- 
like precipitate,  according  to  the  amount  of  casein  in  solution. 
These  phenomena  appear  before  neutrality  is  reached  and  disappear 
before  sufficient  alkali  is  added  to  give  a  permanent  color  with 
phenolphthalein.  In  the  case  of  precipitation,  the  readiness  with 
which  the  precipitate  dissolves  varies  with  the  rate  at  which  the 
alkali  is  added.  When  the  alkali  is  added  slowly,  the  precipitate 
forms  large  Hakes  and  these,  once  formed,  redissolve  quite  slowly. 
On  the  other  hand,  if  alkali  is  rapidly  added  in  amount  sufficient  to 
redissolve  any  precipitate,  the  particles  of  casein,  not  having  time 
to  form  large  aggregations,  redissolve  almost  instantly,  so  that  only 
a  transient,  opaque  milkiness  is  observed  before  redissolving  takes 
place. 
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(3)  The  xanthoproteic  reaction. —  The  presence  of  dissolved 
casein  in  tlie  filtrate  is  readily  shown  by  the  xanthoproteic  reaction. 
For  the  purpose  of  making  our  results  comparable,  this  test  was 
applied  in  the  following  manner :  We  boiled  10  cc.  of  the  filtrate 
to  be  examined  with  10  cc.  of  nitric  acid  (sp.  gr.  1.42)  and  then 
added  about  12.5  cc.  (about  2  cc.  in  excess  of  neutrality)  of  a  con- 
centrated solution  of  sodium  hydroxide.  A  blank  test  was  used 
for  comparison  in  cases  where  the  result  of  the  reaction  appeared 
in  doubt, 

(4)  Deviation  between  results  by  titraiion  and  conductivity 
methods. —  When  any  casein  dissolves,  titration  of  the  filtrate  shows 
more  acid  than  does  the  measurement  of  conductivity,  because 
titration  of  the  filtrate  with  alkali  measures  not  only  the  acid  not 
taken  up  by  casein  but  also  that  combined  with  dissolved  proteid, 
and,  in  addition,  the  acidity  of  the  dissolved  proteid  itself,  which 
in  some  cases  may  neutralize  even  more  alkali  than  the  free  acid. 
On  the  other  hand,  the  error  caused  in  conductivity  results  by  par- 
tial solution  of  proteid  can,  at  most,  amount  to  only  a  relatively 
small  percentage,  because  the  fixation  of  free  hy;Irochloric  acid,  for 
instance,  to  form  a  soluble  proteid  compound,  in  which  the  light 
and  rapidly  moving  H+  ion  of  hydrochloric  acid  is  replaced  by  the 
enormously  complex  and  sluggish  proteid  radicle,  results  in  the 
loss  of  most  of  the  conducting  power  of  the  acid.  Thus,  the  ad- 
dition of  sufficient  egg  albumin  to  combine  with  all  the  acid  in 
N-20  HCl  solution,  forming  soluble  albumin  hydrochloride,  results 
in  a  decrease  of  83  per  ct.  in  the  conductivity  of  the  solution.' 
Similarly  the  combination  of  hydrochloric  acid  with  globulin  results 
in  a  decrease  of  76  per  ct,  in  conductivity.'  When  solution  of 
casein  in  acid  occurs,  the  soluble  acid  proteid  has  still,  undoubtedly, 
a  low  conductivity  of  its  own,  as  in  the  two  cases  just  mentioned, 
and  this  will  render  somewhat  too  low  the  final  results  that  are 
calculated  on  the  assumption  that  the  combined  acid  forms  only 
a  compound  which  is,  like  the  insoluble  one,  entirely  non-conduct- 
ing. The  error  will,  however,  be  one  of  a  small  percentage,  par- 
ticularly when  only  a  fraction  of  the  casein  dissolves  and  the  greater 
part  of  the  acid  taken  up  goes  to  form  the  insoluble  substance. 


'Sjoqvist.    Skand.  Archiv.    Physiol.  5:344. 
'Hardy.    lour.  Physiol.,  33:273.    1905. 
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The  titration  resutts,  on  the  other  band,  as  will  be  shown  pres- 
ently, may  indicate  only  a  small  proportion  of  acid  taken  up,  or 
even  less  than  none.  We  made  determinations  of  add  in  the  fil- 
trates obtained  from  mixtures  of  casein  and  acid  in  numerous  ex- 
periments in  which  we  used  concentrations  varying  from  N-125 
to  N-500  HCl,  employing  both  the  titration  and  conductivity 
meshods  as  checks  upon  each  other.  We  found  that  whenever  the 
filtrate  gave  a  pronounced  proteid  reaction,  the  titration  results  fell 
bebw  the  conductivity  results  and  that  the  more  pronounced  the 
proteid  reaction,  the  greater  was  the  difference  between  the  two 
sets  of  results. 

In  some  cases,  when  the  decrease  in  conductivi^  showed  that 
a  large  part  of  the  hydrochloric  acid  had  been  removed  from  solu- 
tion or  combined  with  casein  in  a  soluble  form,  titration  with  aikalt 
showed  that  the  filtrate  had  actually  a  greater  acidity  than  could  be 
accounted  for  by  the  total  amount  of  acid  originally  used  in  the 
experiment.  The  titration  caused  a  voluminous  precipitate  and  the 
filtrate  showed  an  intense  xanthoproteic  reaction  in  such  cases. 
The  increased  acidity  was  due  to  the  acidity  of  the  dissolved  proteid 
itself. 

There  are,  then,  two  reasons  why  the  determinations  of  acidity 
by  titration  and  by  conductivity  do  not  give  concordant  results 
when  the  solution  contains  dissolved  proteid,  the  titration  results 
being  in  error.  First,  the  dissolved  casein-acid  compound  decMn- 
poses  at  once  in  the  presence  of  alkali,  freeing  the  acid  previously 
combined.  Second,  the  dissolved  proteid  also  combines  with  and 
neutralizes  part  of  the  alkali.  The  acidity  of  the  filtrate,  instead 
of  representing  only  the  amount  of  acid  not  taken  up  by  the  casein, 
equals  the  acid  not  so  taken  up,  plus  the  acid  that  has  combined 
with  casein  to  form  a  soluble  casein-acid  compound,  plus  the  acidity 
of  the  dissolved  proteid.  Experiment  shows  that  the  solution  of 
a  gram  of  casein  in  a  given  volume  of  acid  increases  by  about 
Syi  cc.  the  volume  of  N-io  NaOH  required  to  neutralize  the  acid. 
This  also  is  the  amount  of  alkali  required  to  dissolve  and  neutralize 
to  phenolphthalein  one  gram  of  free  casein.  The  acidity  of  the 
casein  itself  appears  to  be  unchanged  by  solution  in  dilute  acid, 
whether  or  not  the  nature  of  the  casein  complex  is  changed. 
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Effect  of  temperature  upon  solution  of  protexd,  and  of  solution 
upon  titration  results. —  The  set  of  experiments  described  below 
shows  clearly  the  effect  of  temperature  upon  the  rate  of  solution 
and  also  the  effect  of  solution  upon  the  accuracy  of  the  titration 
method  as  used  by  Van  Slyke  and  Hart,  Laxa,  Leo  and  others. 
The  experiments  were  performed  in  the  manner  already  described 
(p.  210).  Flasks  containing  casein  and  hydrochloric  acid  were  kept 
at  0°,  25°  and  45°  C.  in  constant-temperature  baths;  they  were 
shaken  at  intervals.  The  titrations  were  made  in  duplicate,  agree- 
ment being  within  o.l  cc.  of  N-ioo  alkali  in  all  cases.  The  expres- 
sion, "  acid  fixed  by  casein,"  used  below  in  Table  IV  indicates  acid 
taken  from  the  state  of  solution  as  free  hydrochloric  acid,  whether 
the  union  with  casein  be  physical  or  chemical  or  both  in  part,  as 
is  probably  the  case  when  partial  solution  of  casein  occurs.  We 
used  100  cc.  of  N-125  HCl  for  i  gram  of  casein.  The  concentration 
of  the  acid  used  was  7.905  instead  of  8,  because  the  factor  of  the 
stock  solution  was  a  little  less  than  unity.  The  weights  of  casein 
represent  water-free  casein,  correction  being  made  for  the  amount 
of  moisture  present,  which  was  generally  3  to  4  per  ct.,  this  plan 
being  adopted  in  all  our  work. 

In  the  table  below,  the  results  arc  arranged  to  show, — 

(1)  Effect  of  temperature  on  the  rate  of  solution  of  casein  in 
acid  (columns  10  and  ir). 

(2)  Effect  of  solution  on  accuracy  of  titration  results  (compare 
columns  6  and  9  with  reference  to  10  and  11). 

(3)  Effect  of  solution  on  amount  of  hydrochloric  add  fixed  by 
casein  (compare  5  hour  figures  for  0°,  25",  and  45",  column  6, 
with  reference  to  10  and  ll). 
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F10..6. — Action  of  ~Jr.-  HCl  on  casein.    Showing  abnormally  low  titration 
results  at  35*  and  45°  C.  caused  \ys  solution  of  casdn. 
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Esplattatidn  of  Fig.  6. —  The  results  given  in  Table  IV  are  ex- 
pressed in  the  form  of  curves  in  Fig,  6,  in  which  the  curves  marked 
"  Cond."  and  having  points  marked  "  X  "  express  results  obtained 
by  the  conductivity  method,  while  the  curves  marked  "  Titr."  and 
having  points  marked  "  o  "  express  results  obtained  by  the  titration 
method. 

The  numbers  associated  with  the  points  X  and  o  express  approxi- 
mate degrees  of  solution  of  casein  by  acid,  as  indicated  bdow : 

No.                   Appearance  Color                          Mn.  caaela  In 

deuotlDK  ot  nitrate  on  produced  by                        lUec.  o(  te«t 

degree   ot                addltlm  xantboprolelc                    eoluUDD  coire- 

■olution.                of  alkali.  reaetlan.  apondlng  to  color- 

clear  none  o     to  0.5 

slightly  opalescent  slightly  yellow  0.6  to    0.9 

moderately  opalescent  moderately  yellow     1.0  to     3.0 

turbid,  milky  deep  yellow  4.0  to    6.0 

opaque,  some  predp.  orange  7.0  to  10.0 

5 heavy  precip.  dark  orange  10.0  or  more 

5+  ■  ■     heavy  predp.  dark  orange  larger  amounts 

The  figures  in  the  last  column  were  obtained  in  the  following 
manner :  We  dissolved  0.5  gram  of  casein  in  nitric  acid  and  diluted 
to  500  cc.,  each  cc.  containing  1  mg.  of  proteid.  Different  amounts 
of  this  solution  were  diluted  to  lo  cc.  each  and  tested  by  the  xantho- 
proteic reaction.  The  same  system  of  numbers  will  be  uniformly 
employed  hereafter  to  express  approximate  degree  of  solution. 

In  Fig.  6  it  will  be  seen  that  at  0°  C.  there  is  comparatively 
slight  solution  of  casein  and  the  results  obtained  by  the  two 
methods,  conductivity  and  titration,  coincide.  At  25°  C,  solution 
becomes  marked  and  the  abnormally  low  curve  after  the  first  five 
minutes  furnished  by 'titration  results  is  strikingly  apparent.  At 
45°  C,  the  effect  of  solution  is  still  more  evident.  In  15  minutes 
the  amount  of  dissolved  casein  makes  the  addity  of  the  filtrate 
actually  greater  than  that  of  the  original  N-125  add  used. 

The  results  embodied  in  Table  IV  and  in  Fig.  6  are  summarized 
as  follows: 

(i)  Casein  takes  up  hydrochloric  add  fiom  solution.  At  0°  C, 
I  gram  of  casein  takes  up  from  100  cc.  of  N-I35  HO,  without 
appreciable  solution,  the  add  in  about  50  cc,  which  is  equivalent  to 
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4  cc.  N-io  acid,  an  amount  about  eight  times  that  found  by  Van 
Slyke  and  Hart  (Bulletin  No.  z6i,  p.  Zi). 

(2)  The  formation  of  a  soluble  substance  from  casein  by  the 
action  of  acid  is  effected  when  there  is  an  increase  in  temperature 
or  in  the  time  of  contact  between  the  acid  and  casein.  For  conven- 
ience, we  may  term  this  soluble  substance  soluble  acid-casein,  without 
considering  the  question  as  to  whether  it  is  a  salt  of  casein  or  a 
proteolytic  product 

{3)  More  casein  goes  into  solution  in  5  minutes  at  45°  C.  than 
in  5  hours  at  0°  C 

(4)  The  soluble  substance  appears  to  be  a  compound  of  casein 
and  acid.  This  is  indicated  by  the  fact  that  there  is  a  decrease  in 
the  conductivity  of  the  acid  simultaneous  with  the  formation  of 
the  soluble  acid-casein.  The  decrease  is  so  marked  that  there  is 
no  doubt  that  the  formation  of  the  soluble  compound  is  accompanied 
by  fixation  of  hydrochloric  acid.  Doubtless  the  soluble  acid-casein 
has  appreciable  conductivity  of  its  own,  as  already  mentioned  in 
the  case  of  other  proteids,  so  that  even  the  conductivity  results  for 
the  amount  of  acid  fixed  are  somewhat  too  low. 

(5)  The  method  of  determining  l^  titration  with  alkali  the 
amount  of  acid  remaining  unaffected  by  treatment  with  casein  is 
thoroughly  unreliable  in  the  presence  of  soluble  acid-casein. 

In  connection  with  the  data  here  presented,  it  would  seem  that 
the  results  of  the  experiments  above  described  ought  to  emphasize 
the  fact  that  caution  should  be  Tised  in  the  determination  of  free 
acid  by  titration  in  liquids,  such,  for  example,  as  gastric  Juice, 
which  have  been  in  contact  with  proteids.  Simon '  ^ves  titration 
with  sodium  hydroxide,  using  phenol^Jithalein  for  indicator,  as  the 
method  for  estimating  the  acidity  of  the  gastric  contents;  and  he 
also  states  that  the  acidity  is  increased  by  the  ingestion  of  albumin- 
ous food.  This  would  naturally  be  found  so  by  the  titration  method, 
because  the  protetd  in  solution  would  neutralize  part  of  the  alkali 
used  in  titration  and  thus  increase  the  amount  required. 

Effect  of  temperature  and  concentration  upon  the  rate  at  whick 
acids  dissolve  casein. —  We  present  below  in  Tables  V,  VI  and  VII 
results  indicating  the  effect  of  temperature  and  concentration  of 

'  Physiological  Chemistry,  p.   T28,     1904. 
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acid  upon  the  rate  at  which  adds  convert  casein  into  soluticm.  'Hie 
acids  used  in  our  study  are  hydrochloric,  lactic,  sulphuric  and 
acetic;  the  temperatures,  o°,  25°  and  45°  C. ;  and  the  concentra- 
tions, N-125,  N-500,  N-iooo  and  N-2000.  The  numbers  in  the 
tables  indicate  degrees  of  solution,  as  explained  on  p.  228  in  con- 
nection with  Fig.  6.  The  figures  on  the  left  in  each  column  ex- 
press degrees  of  solution,  as  shown  by  the  appearance  of  the  filtrate 
when  treated  with  sodium  hydroxide ;  those  at  the  right  indicate  the 
results  of  tlie  xanthoproteic  test. 
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Table  VII.— Showing  Effect  of  Temperature  and  CoNCENTHAnoN  upon 

Rate  of  Solution  of  Casein  by  Sulphuric  and  Acetic  Acids. 

(Figures  show  results  of  xanthoproteic  test  only.) 


o»c 

3B'C 

QfC 

I 

I 

The  results  embodied  in  Tables  V,  VI,  VII  are  summarized 
as  follows: 

( 1 )  Comparing  hydrochloric  and  lactic  acids,  it  is  seen  that  these 
two  acids  have  about  the  same  solvent  power  at  o°  C.  with  the 
higher  dilutions,  but  with  N-i2S  acid  tlje  solvent  power  of  the 
lactic  acid  is  somewhat  greater.  Increase  of  temperature  increases 
the  solvent  effect  of  lactic  acid  less  than  that  of  hydrochloric. 

(2)  Sulphuric  acid  dissolves  casein  more  slowly  than  does  hydro- 
chloric acid  of  the  same  strength  and  at  the  same  temperatures. 

(3)  Acetic  acid  is  distinguished  for  its  comparatively  slight  sol- 
vent action  on  casein  at  ordinary  temperature.  This  fact  is  of 
interest  in  connection  with  the  method  of  separating  casein  from 
milk  by  precipitation  with  acetic  acid,  the  method  in  general  use. 
Its  use  involves  a  more  complete  separation  under  uniform  condi- 
tions, and  with  less  solvent  action,  than  can  be  attained  by  use  of  the 
other  acids  studied. 

(4)  In  order  to  study  the  effect  of  the  acids  under  consideration 
upon  casein  without  dissolving  appreciable  amounts  of  casein,  it  is 
necessary  to  use  acid  solutions  as  dilute  as  N-500  to  N-2000  and  at 
temperatures  not  above  25°  C. 

Action  of  ventral  salts  upon  the  solubility  of  casein. —  In  order 
to  test  the  effect  of  replacing  the  H*  ion,  casein  was  treated  at 
loom  temperature  with  N-125  MgSO^  and  with  N-50  KQ,  the 
same  method  of  treatment  being  used  as  with  the  acids.  Even 
after  constant  agitation  of  casein  with  magnesium  sulphate  for 
6  hours  and  with  potassium  chloride  for  28  hours,  we  were  unable 
to  obtain  any  evidence  of  solution  of  casein. 
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The  solvent  power  of  the  dilute  solutions,  at  least  of  hydro- 
chloric and  sulphuric  acids,  appears,  therefore,  to  depend  upon 
the  presence  of  H*  ions.  However,  since  the,  solvent  power  of 
lactic  acid  is  comparable  with  that  of  the  mineral  acids,  it  sug- 
gests that,  other  conditions  being  uniform,  the  concentration  of  the 
H'  ions  is  not  the  only  factor.  As  bearing  on  this  point,  there  is 
desirable  a  quantitative  test  of  the  solubilities  of  casein  in  acids  of 
variable  dissociating  powers. 

The  following  figures  represent  the  percentage  of  dissociation 
and,  according  to  the  dissociation  theory,  the  relative  concentration 
of  the  H*  ions  in  solutions  of  the  four  acids  of  the  concentrations 
used: 

Percenlase  oC  dlivoctatlon. 

Equlv»lenl  . ■ 

Tolume.  Hydro- 

clilorlc.     Sulp'iuric,  Lactic.       Ai»Ilc. 

125 100  82  12.2  4.6 

500 ICO    95    22.7   9.1 

1000 100    98    30.7   12.6 

The  figures  for  hydrochloric  and  sulphuric  acids  are  according 
to  Jones  and  Douglas;*  those  for  lactic  and  acetic  acids,  from 
Ostwald,^ 

The  results  presented  in  Tables  V,  VI  and  VII  show  that  hydro- 
chloric acid  has  stronger  solvent  power  than  sulphuric  acid  and  that 
lactic  is  stronger  than  acetic,  results  which  are  in  general  accord 
with  the  dissociation  figures  preceding,  so  far  as  the  two  mineral 
and  the  two  organic  acids,  taken  separately,  compare  with  each 
other;  but  the  dissolving  power  of  the  two  organic  acids,  compared 
with  that  of  the  mineral  acids,  is  entirely  out  of  proportion  to  the 
relative  dissociating  powers  of  the  former.  Apparently  the  anions 
of  the  organic  acids  as  well  as  the  H*  ions  influence  the  solvent 
power.  This  solvent  effect  of  the  organic  ions  is  also  shown  by 
Robertson's'  results.  While  he  found  that  N-10  solutions  of  the 
chloride,  sulphate  and  nitrate  of  sodium  did  not  dissolve  casein 
appreciably,  the  acetate,  propionate,  butyrate  and  valerate  all 
showed  marked  solvent  action, 

^Anter.  Cketn.  Jour.,  36^^34.    1901. 
'Zlschr.  Phys.  Chem.,  3:174  and  191.    1889. 
tfo%r.  Biol.  Chem.  ai^z"-. 


Di.izedbyGoOglC 


234  Report  of  the  Chemist  of  thf, 

Tlie  solution  of  casein  in  dilute  acids  may  be  tlie  result  of  tlic 
formation  of  a  soluble  casein-acid  salt,  similar  to  an  amido  salt,  or 
it  may  be  the  result  of  the  decomposition  of  the  casein  molecule, 
part  of  which  is  split  off  and  gives  the  reaction  for  proteid  in  solu- 
tion. In  the  latter  case,  we  should  expect  some  change  in  tht  jjrop- 
erties  of  the  undissolved  portion,  and  this  is  found  to  be  true.  An 
attempt  was  made  to  determine  the  percentage  of  casein  dissolved 
at  25°  C.  by  N-I2S  HCl  in  3  hours;  the  undissolved  casein  was 
collected  in  a  Gooch  crucible,  washed,  and  dried  at  100°  C.  At  the 
time  of  filtration  the  undissolved  residue  presented  a  swollen,  gela- 
tinous appearance  and,  when  placed  in  the  steam  oven  to  dry,  it 
melted  completely,  running  through  the  perforated  bottom  of  the 
crucible.  The  dried  mass  looked  like  dried  albumin.  The  experi- 
ment was  repeated  with  the  same  result.  Casein  itself  can  be  heated 
to  120°  C.  or  higher  without  visible  change,  and  casein  that  has 
taken  up  acid  without  any  solution  of  the  proteid  does  not  appear 
either  to  swell  or  gelatinize,  and  it  can  be  dried  in  a  steam  oven 
without  difficulty.  When  a  part  of  the  casein  goes  mto  solution, 
the  undissolved  residue  appears  to  undergo  some  profound  change 
in  its  properties,  and  this  fact  suggests  the  possibility  of  molecular 
decomposition.  The  sct^  of  our  work  did  not  permit  us  for  the 
time  being  to  carry  further  our  «tudy  into  details  of  this  interesting 
change. 

THE    ACTION    OF    HYDROCHLORIC    ACID    UPON    CASEIN     WITHOUT 
SOLUTION, 

In  the  foregoing  pages  we  have  studied  the  conditions  under 
which  casein  goes  into  partial  solution  when  treated  with  dilute 
acids,  and  also  those  under  which  such  solution  may  be  avoided. 
Working  under  the  latter  conditions  as  completely  as  possible,  we 
now  purpose  to  ascertain  to  what  extent  and  under  what  conditions 
casein  takes  up  acid  from  dilute  solutions  when  no  casein  dissolves. 
It  has  already  been  shown  by  both  titration  and  conductivity 
methods  (Fig,  6,  p.  227,  curve  for  0°  C.)  that  when  a  gram  of 
casein  is  shaken  with  100  cc.  of  N-125  HCl  at  0°  C,  about  one-half 
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of  the  acid  is  removed  from  solution  before  appreciable  solutitm 
of-  casein  occurs.  The  fact  that  the  acid  is  thus  taken  up  to  form 
an  insoluble  substance  with  casein  being  shown,  the  question 
remains ;  Is  the  taking  up  of  acid  by  casein  a  chemical  reaction  and 
is  the  resulting  insoluble  casein-acid  substance  a  definite  chemical 
ccHnpound,  or  is  the  process  one  of  adsorption  ?  The  results  which 
follow  appear  to  indicate  that  the  behavior  of  the  reaction  places  it 
in  the  class  of  adsorption  reactions,  of  which  the  adsorption  of  dyes 
and  dilute  acids  by  silk  fonns  a  parallel  example.'  Our  results 
point  to  the  following  general  conclusions: 

(ist)  Contrary  to  the  former  belief  of  Van  Slyke  and  Hart, 
there  is  no  definite  insoluble  chemical  compound  formed;  but  the 
amount  of  acid  taken  up  by  casein  varies,  temperature  remaining 
constant,  in  proportion  to  the  concentration  of  the  acid  in  the 
surrounding  solution.  The  ratio  found  by  dividing  the  amount 
of  acid  taken  up  by  I  gram  of  casein  by  the  amount  of  acid  in 
I  cc.  of  the  surrounding  solution  is  a  constant  under  uniform  condi- 
tions and  can  be  established  either  by  acid-casein  ^ving  up  acid 
to  surrounding  water,  or  vice  versa,  the  acid  going  either  way 
according  to  the  initial  concentrati<»i. 

(2d)  The  variation  in  the  amount  of  acid  taken  up  by  casein 
does  not  appear  to  be  due  to  the  hydrolysis  of  a  casein-acid  salt 
but  rather  appears  to  occur  in  accordance  with  the  behavior  of 
adsorpticHi  reactions,  as  will  be  pointed  out  in  later  discussion. 

In  carrying  on  our  study,  it  was  important  to  employ  conditions 
under  which  the  reaction  reaches  equilibrium  without  solvent  action 
on  the  casein.  We  found  it  necessary  to  use  acids  not  stronger  than 
N-125  and  to  carry  on  the  experiments  at  0°  C.  in  order  to  avoid 
soluticm  before  the  casein  had  taken  up  all  the  add  it  could.  Even 
under  these  conditions,  long  standing  in  contact  with  acids  usually 
resulted  in  perceptible  solution  of  casein,  but  to  a  degree  so  slight 
that  it  did  not  appear  to  affect  the  results,  except  possibly  in  the 
case  of  the  24-hour  periods  with  H'125  acid. 

'  ScbmidL    ZUchr.  Pkys.  Chtm.,  15:56.    1894. 
Walker  and  Appleyard    Joitr.  Chtm.  Soc.    ILondonl,  Trans.,  69:1334- 
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In  the  tables  following,  the  concentration  of  acid  in  the  solutions 
is  given  in  terms  expressing  the  number  of  cc.  of  N-iooo  acid 
equivalent  to  i  cc.  of  solution  used.  The  concentration  of  acid  in 
the  casein  is  given  in  terms  expressing  the  number  of  cc.  of  N-1000 
taken  up  by  i  gram  of  casein. 

In  the  third  column,  the  figure  representing  the  amount  of 
N-iooo  acid  in  1  cc.  of  solution  given  for  zero  time  indicates  the 
exact  concentration  of  the  acid  used  in  the  series,  as  determined  by 
measurement  of  its  conductivity.  This  value  generally  differs 
slightly  from  the  figures  corresponding  to  the  normality  given  in 
the  first  column,  because  the  stock  solutions  usually  possessed 
factors  varying  somewhat  from  unity. 

In  the  fourth  column  (concentration  of  acid  in  casein),  the 
amount  of  acid  taken  up  by  I  gram  of  casein  in  each  case  is  calcu- 
lated from  the  difference  between  the  original  concentration  of  the 
aqueous  solution  of  acid  and  its  concentration  after  contact  with 
casein  for  the  time  stated,  as  in  Table  IV.    The  calculation  is  based 

upon  the  formula  C  =  ^^i— .  in  which  C  represents  the  concentra- 

S 
tion  of  acid  in  casein ;  D,  the  decrease  m  concentration  of  acid  in 

aqueous  solution  caused  by  contact  with  casein;  V,  the  volume  of 
the  solution ;  and  g,  grams  of  casein  used. 

In  the  sixth  column,  the  figures  express  the  ratio  of  the  amount 
of  acid  in  i  gram  of  casein  to  the  amount  of  acid  in  1  cc.  of  the  sur- 
rounding solution  at  the  end  of  the  period  during  which  the  acid 
and  casein  were  in  contact 
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VIII.—  Showing  Amounts  or  Hvbrochlomc  Acid  Taken  up  at  o'C 
BV  Casein  in  Contact  with  Solutions  of  Varying 
Concenthatioh. 
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The  following  statements  summarize  the  results  presented  in 
Table  VIII: 

(i)  At  0°  C,  casein  takes  up  increasing  amounts  of  acid  for 
about  24  hours,  when  equilibrium  appears  to  be  practically  estab- 
lished, as  is  shown  by  the  fact  that  the  curves  in  Fig.  7  approach 
a  horizontal  position  when  the  abscissae  denote  that  length  of  con- 
tact between  acid  and  casein. 

(2)  The  final  amount  of  acid  taken  up  by  I  gram  of  casein 
varies  in  proportion  to  the  concentration  of  the  surrounding  acid 
solution,  as  is  shown  by  the  24-hour  results  in  the  fourth  column. 
With  the  range  of  concentrations  of  hydrochloric  acid  employed, 


-•  UMd.    Tb«  ntto  im^ad  (coluiDn  6}  la  tbeat 


r',;^ 


Report  of  the  Chemist  of  the 


___—      *  1 

«•• 

J»» 

a 

.  ^ 

c^^^ 

iC 

^ — * 

o 

/^Z— 

,  ^ 

i 

ly—-^ 

— — : — -^t hr— 

Hours  Gjntact 

FtG.  7. — Amounts  of  HCl  taken  up  at  0°  by  casein  in  contact  with  different 
concentrations.  Showing  rate  of  reaction,  dependence  of  final  amount  of 
acid  taken  up  upon  the  concentration  used  and  absence  of  definite  combining 
proportions. 
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the  final  amount  of  acid  taken  up  by  i  gram  of  casein  varies  from 
the  equivalent  of  35.36  to  480.3  cc.  N-iooo  HCl,  which  amounts 
were  taken  up  by  casein  in  contact  with  solutions  of  acid  whose 
final  concentrations  were  0.2400  and  3.192  respectively, 

(3)  If  we  divide  the  amount  of  acid  contained  in  i  gram  of 
casein  by  the  amount  of  acid  contained  in  i  cc.  of  the  surrounding 
solution  at  equilibrium,  we  obtain  a  ratio,  about  147,  which  is 
approximately  constant,  as  shown  in  the  sixth  column.  The  lower 
value,  142.8,  obtained  with  N-iooo  acid  is  probably  due  to  incom- 
plete attainment  of  equilibrium.  The  slightly  higher  result  in  the 
case  of  N-125  acid  is  to  be  expected,  since  appreciable  solution  of 
proteid  occurs. 

(4)  The  acid,  however  small  the  amount  used,  was  in  no  case 
completely  taken  up  by  casein,  but  the  ratio  of  acid  in  casein 
to  acid  in  surrounding  solution  approaches  an  equilibrium  constant, 
about  147. 

The  results  given  in  the  fourth  column  of  Table  VIII  are 
expressed  in  Fig.  7  in  the  form  of  curves,  which  illustrate  the  fact 
that  the  process  by  which  casein  takes  up  add  does  not  follow  the 
law  of  definite  combining  proportions,  and  that  the  amount  of  acid 
fixed  by  a  gram  of  casein  in  the  presence  of  an  excess  of  acid  is 
not  constant,  but  increases  with  increasing  concentration  of  acid. 

Amount  of  add  taken  up  by  casein  dependent  upon  the  concen- 
tration of  acid  present. —  In  order  to  illustrate  more  fully  the  fact 
that  the  amount  of  acid  taken  up  by  i  gram  of  casein  is  dependent, 
not  upon  the  absolute  amount  of  acid  present,  but  upon  the  con- 
centration, we  give  the  data  embodied  in  Table  IX.  The  three 
series  of  experiments  were  carried  on  at  different  times  and  for 
different  purposes,  which  accounts  for  the  lack  of  uniformity  in  the 
time  intervals  used.  It  will  be  noticed  that,  while  the  initial  con- 
centration of  the  acid  in  the  third  series  is  twice  that  of  the  others, 
the  final  concentrations  are  fairly  comparable  in  all  three  cases,  which 
is  due  to  the  larger  relative  proportion  of  casein  used  in  the  third 
series.  The  mixtures  were  shaken  constantly  for  the  periods  indi- 
cated and  kept  at  2$°  C. 
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Table  IX.— Showing  Relation  of  Amounts  of  Hymochlouc  Add  Fixed 
BY  Casein  to  Concentration  of  Aan,  2S°C. 
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The  results  embodied  in  the  preceding  table  are  also  shown  in 
Fig.  S  in  the  form  of  curves  A  and  B.  It  is  noticeable  that  the 
initial  rate  at  which  add  is  taken  from  N-iooo  solution  is  greater 
than  from  N-2000,  as  would  be  expected,  but  the  two  curves  ap- 
proach nearly  the  asymptote.  The  points  (X  and  °)  for  the  two 
N-2000  solutions  lie  on  the  same  curve  A, 

Extraction  of  hydrochloric  acid  taken  up  by  casein. —  The  re- 
action by  which  casein  fixes  acid  is  reversible.  By  treating  with 
pure  water  casein  that  has  taken  up  acid,  part  of  the  acid  passes 
from  the  casein  back  into  the  surrounding  water. 

The  method  of  performing  the  experiment  was  as  follows:  In 
weighed  Jena  flasks  were  placed  i-gram  portions  of  casein  and  100 
cc.  portions  of  N-500  HQ.  The  mixtures  were  shaken  continuously 
for  30  minutes,  in  order  to  allow  the  casein  to  take  up  acid  under 
conditions  not  permitting  appreciable  amounts  of  casein  to  go  into 
solution.  The  mixtures  were  then  allowed  to  settle  for  about  5 
minutes  and  the  supernatant  liquid  decanted  as  completely  as  possi- 
ble through  weighed  Gooch  crucibles,  into  which  the  decantation 
usually  carried  10  to  20  milligrams  of  casein.  The  filtrate  (l) 
was  kept  for  examination.  The  crucibles  were  dried  and  weighed 
in  order  to  find  out  how  much  casein  had  escaped  from  the  flask 
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Fig.  8. — Showing  relation  (curves  A  and  B)  of  amounts  of  acid  fixed 
at  35*  to  the  concentration  of  acid  in  surrounding  solution.  Curve  C 
shows  rate  of  extraction  of  acid  from  casein  that  had  taken  up  acid,  and 
attainment  of  practically  same  equilibrium  as  when  casein  takes  acid  from 
solution  (curves  A  and  B).  See  tables  IX,  X,  XI. 
16 
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during  decantation.  The  Basks  with  contents  were  weighed  after 
decantation  in  order  to  find  how  much  free  acid  solution  adhered 
tc  the  casein  particles  and  the  walls  of  the  flasks;  the  amount 
varied  from  2  to  4  cc.  To  the  casein  left  in  each  flask  there  were 
liien  added  Itw  cc,  portions  of  pure  water,  and  the  mixtures  were 
shaken  for  the  different  periods  of  time,  one  minute  to  five  hours, 
as  indicated  in  Table  XI,  column  J.  They  were  then  filtered  again 
(filtrate  2).  The  amount  of  acid  in  each  filtrate  was  determined 
by  conductivity  measurements.  From  the  first  filtrate  were  obtained 
the  data  necessary  to  determine  how  much  acid  had  been  taken 
up  by  the  casein  to  form  the  insoluble  acid-casein,  when  shaken  30 
minutes  with  acid.  From  the  second  filtrate  were  obtained  the 
data  required  to  determine  the  amount  of  acid  extracted  from  the 
insoluble  add-casein  by  treatment  with  pure  water  for  the  different 
periods  of  time  given.  The  results  were  corrected  for  the  amount 
of  casein  that  escaped  by  decantation  and  also  for  the  amount  of 
free  acid  that  remained  adhering  to  the  casein  and  the  flask  at 
the  first  filtration.  The  detailed  results  of  the  work  arc  given 
below  in  Tables  X  and  XI. 

Tabu  X. —  Showing  Amounts  of  Acid  Taken  up  by  Caseik,  with  Correc- 
tion Factors. 
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-Showing  Rxsults  cv  Extsactioh  of  Acio  fkou  Acid  Caseim 
BY  Wateb. 
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The  following  statements  summarize  the  results  embodied  in 
Tables  X  and  XI : 

(i)  When  casein  that  has  taken  up  actd  is  treated  with  water, 
it  begins  to  lose  acid  rapidly  to  the  surrounding  water,  and  in  i 
minute,  under  the  conditions  of  the  experiment,  nearly  one-half  of 
the  acid  contained  in  the  casein  is  extracted. 

(2)  The  acid  continues  to  pass  from  the  casein  into  the  water 
until  a  certain  ratio  is  reached  between  the  concentration  of  acid 
in  the  casein  and  the  concentration  of  acid  in  the  surrounding  water, 
when  equilibrium  is  established.  The  ratio  is  practically  the  same 
as  the  one  found  by  treating  casein  with  acid  until  equilibrium  is 
established,  the  final  conditions  of  temperature,  concentration  and 
proportions  being  equal.  Compare  values  of  ratios  in  column  P, 
Table  XI,  with  those  of  Table  IX  for  three  or  more  hours. 

(3)  It  makes  no  difference  whether  all  the  add  is  in  the  casein 
or  in  the  water  at  the  start ;  it  divides  itself  between  the  two  in  a 
ratio  which,  for  constant  conditions,  is  constant. 

(4)  For  illustration  and  comparison,  we  can  use  the  results 
embodied  in  Table  IX,  Series  3,  in  which  the  final  conditions  of 
temperature,  concentration  and  proportions  are  nearly  the  same  as 
in  the  case  of  the  results  presented  in  Table  XI.  In  both  cases  the 
ratio  of  concentration  of  acid  in  casein  to  that  in  water,  when 
reached  under  similar  conditions,  is  practically  the  same  (that  is, 
about  97)  at  the  time  equilibrium  is  established.  The  comparison  is 
quite  strikingly  shown  by  the  curves  of  Fig.  8,  B  representing  the 
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result  of  treating  pure  casein  with  acid,  and  C  representing  the 
result  of  treating  with  water  casein  that  had  taken  up  acid. 

It  will  be  noticed  that  the  ratio  tabulated  in  column  P,  Table  XI, 
reaches  a  minimum  in  one  hour  and  then  gradually  increases.  This 
increase  is  probably  due  to  the  formation  of  traces  of  dissolved 
casein,  which,  like  acid  globulin  and  albumin,  as  already  mentioned, 
is  doubtless  a  relatively  weak  conductor.  The  fixation  of  a  very 
small  amount  of  free  acid  in  the  form  of  soluble  acid-casein  would 
cause  a  noticeable  decrease  in  the  conductivity  of  a  solution  so 
dilute.  In  the  second  filtrate  of  No.  6,  the  xanthoproteic  reaction 
showed  traces  of  dissolved  proteid. 

Effect  of  temperature  upon  the  action  of  casein  in  taking  up 
hydrochloric  acid. — ^The  effect  of  increase  of  temperature  is  shown 
by  a  comparison  of  the  data  contained  in  Tables  XII  and  XIII 
following,  with  those  in  Tables  VIII  and  IX,  The  time  of  contact 
in  the  experiments  was  not  extended  beyond  6  hours  in  most  cases, 
because  the  casein  undergoes  marked  solution  when  contact  is  pro- 
longed at  higher  temperatures  (25°  and  45°  C.)  even  in  the  case  of 
very  dilute  add.  The  agitation  was  performed  by  hand  at  intervals 
and  was  as  nearly  uniform  as  possible  in  all  cases,  except  that  with 
N-2000  acid  at  25"  C.  the  flasks  were  constantly  in  motion  on  the 
shaker. 

Table  XII. —  Showing  Amounts   op   HyimocHLORic   Aqd  Taken  ot  by 
Casein  at  2S*C. 
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Table  XIII.— Showing  Auoumts  of   Hydsochlouc  Acm  Taeeh    op  i 
Casein  at  45°C 
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The  results  embodied  in  Tables  XII  and  XIII,  including  tem- 
perature results  also  in  Tables  VIII  and  IX,  are  expressed  in  the 

form  of  curves  in  Figs.  9,  10,  11,  and  12.  "Tlie  numbers  above 
different  points  in  the  curves  indicate  the  degree  of  solution,  as 

explained  on  p.  227  in  connection  with  Fig.  6.  An  inspection  of 
the  tables  and  of  Figs.  9-12  enables  us  to  summarize  the  results 
as  follows: 

d  illuitrate  tbe  effecl 
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marked  *  signify  no  solution  of  casein  detected. 
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FJc.  12.— Effect  of  temperature  on  action  of  -H3  HQ  < 
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(i)  Increase  of  temperature  increases  the  rate  at  which  equi- 
librium is  approached.  Thus,  25°  and  45"  C,  curves  rise  more 
rapidly  than  those  for  o*  C. 

(2)  Increase  of  temperature  increases  the  final  amount  of  hydro- 
chloric acid  that  disappears  as  free  acid,  when  there  is  marked  solu- 
tion of  casein  due  to  the  higher  temperature,  as  shown  by  curves 
for  45°  C.  in  Figs.  9-12  and  for  both  25°  and  45°  C.  in  Fig.  12. 
The  soluble  acid-casein  apparently  contains  a  larger  proportion  of 
hydrochloric  acid  than  the  undissolved  casein,  which  would  have 
the  effect  of  raising  the  curve  when  the  soluble  form  occurs.  Our 
observation  has  been  thatsolution  of  casein,  whether  resulting  from 
increase  of  temperature,  concentration  of  acid  or  length  of  contact 
with  acid,  is  accompanied  by  fixation  of  mt»-e  acid  than  is  taken  up 
when  no  solution  occurs. 

(3)  When  rise  in  temperature  does  not  result  in  solution  of  pro- 
teid,  it  apparently  decreases  the  amount  of  acid  fixed.  This  may 
be  seen  by  comparing  the  value  expressed  in  Fig.  8  (A  and  B), 
which  indicates  a  value  of  97  to  100  for  the  ratio  of  acid  in  casein 
to  acid  in  water  at  equilibrium  at  25°  C,  with  the  results  in  Table 
VIII,  which  indicate  a  value  of  147  for  the  ratio  at  0°  C.  The 
same  conclusion  is  shown  by  comparing  the  25°  and  0°  C.  curves  of 
Figs.  9,  10  and  11,  which  express  results  obtained  with  acids  suffi- 
ciently dillute  to  avoid  very  marked  solution  of  proteid  even  at  25° 
C.  The  25"  curves  rise  more  rapidly  at  first  than  do  those  for  0°, 
because  the  higher  temperature  increases  the  rate  at  which  they 
approach  equilibrium.  They  soon  approach  a  horizontal  position, 
however,  and  after  2j4  to  4  hours  cross  the  o"  curves,  evidently 
inclining  toward  lower  equilibrium  values.  With  N-125  acid,  how- 
ever, the  concentration  is  sufficient  to  dissolve  decided  amounts  of 
proteid  within  a  few  hours  at  25°  C,  Consequently,  we  should 
expect  the  25°  curve  as  well  as  that  for  45°  in  Fig.  12  to  be 
abnormally  high,  which  is  the  case. 

It  was  our  purpose  to  study  the  effect  of  temperature  upon  equi- 
librium under  conditions  such  that  solution  of  proteid  would  be 
more  completely  avoided  than  at  the  temperatures  used  in  the  ex- 
periments given  above,  using  only  the  most  dilute  solutions,  and 
hastening  equilibrium  by  constant  agitation  in  order  to  produce 
more  uniform  conditions,  which  would  show  in  more  regular  curves. 
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The  time  at  our  disposal  for  the  work  on  casein,  however,  did  not 
allow  us  to  carry  out  these  desired  details,  but  the  results  obtained 
appear  to  be  sufficiently  decisive  and  uniform  to  justify  the  con- 
clusions drawn, 

ACTION    OF   SULPHURIC  ACID  UPON    CASEIN    WITHOUT   SOLUTION. 

The  study  of  sulphuric  acid  was  similar  to  that  of  hydrochloric, 
except  that  the  temperature  effect  was  not  investigated  in  the  case 
of  sulphuric,  while  somewhat  more  attention  was  paid  to  the 
reversible  character  of  the  reaction.  Because  of  the  slighter  solvent 
action  of  sulphuric  acid,  the  experiments  should  be  performed  at 
room  temperature.  Agitation  of  the  reacting  mixtures  was  con- 
stant in  all  experiments. 

Table  XIV.—  Showing  Auoukts  of  Sulphubic  Acid  Taken  up  bv  Casein 

PROM  N-125  Solution  at  as'C. 

(Proportions:  100  cc.  of  add  for  i  gram  of  casein.) 


ConMotra- 

Concentm- 
tion  of  uid 

Df«:Ld^ 

Ratio  ot 

SI 
»l^,on 

Durolkm  of  contact. 

I^ITTOOO 

<™,™'S» 

"^^^ 

solution). 

in  wal«. 

808.4 

.—  Showing  Amounts  of  Sulphuric  Acid  Taken  up  b 
FROM  N-joo  Solution  at  2S°C. 
(Proportions;  200  cc  acid  for  I  gram  of  casein.) 
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The  data  in  Tables  XIV  and  XV  are  summarized  as  follows : 
(i)   Casein  takes  up  sulphuric  acid  from  dilute  solutions  more 
quickly  than  it  does  hydrochloric  acid,  the  maximum  amount  of 
acid  being  taken  up  in  little  more  than  45  minutes  (Table  XV) 
when  solution  of  proteid  does  not  set  in. 

(2)  The  amount  of  sulphuric  taken  up  by  casein,  the  proportions 
of  acid  and  casein  being  the  same,  is  greater  than  in  the  case  of 
hydrochloric  acid, 

(3)  The  equililffium  ratio  is  not  even  approximately  a  constant, 
but  increases  rapidly  with  the  dilution  of  acid  employe:l.  This 
behavior  is  in  accord  with  that  usually  observed  in  adsorption. 

Extraction  of  sulphuric  acid  taken  up  by  casein. — The  work  was 
carried  out  in  detail  in  the  manner  described  on  p.  240.  The 
essential  results,  properly  corrected,  are  given  without  the  details 
of  correction  in  the  table  following: 

Takx   XVI. —  Showing   Amounts   of    Suuhuxic   Acid   Extracted   fkok 
Casein  bv  Water. 


EXPBIUHBHT. 


eitmction 

«id-ca»in. 

0 

30   . 

0 

ISS: 

As  would  be  expected  from  the  high  value  of  the  ratio  of  acid 
in  casein  to  acid  in  water  (Table  XV).  the  results  indicate  that 
sulphuric  acid  is  not  so  completely  extracted  from  casein  by  water 
as  is  hydrochloric  acid.  About  80  per  ct,  of  the  acid  that  can  be 
extracted,  however,  by  one  portion  of  water  is  extracted  in  one 
minute.  After  5  hours  of  constant  agitation  with  the  same  amount 
of  water,  only  about  13  per  ct.  of  the  acid  that  had  been  taken  up 
by  the  casein  was  removed,  and  i  gram  of  casein  then  contained 
about  700  times  as  much  acid  as  did  each  cc.  of  the  surrounding 
solution. 
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F^G.  13. — VpffT  curve  (B)  represents  action  of  water  in  extracting  tul- 
pbnric  add  from  casein  that  had  taken  it  up.  (Table  XVI.)  Two  lower 
cnrres  represent  action  of  casein  in  taking  up  acid  from  ~  and  -^  solutions. 
(Tables  XIV,  XV.) 
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The  tenacity  with  which  sulphuric  acid  is  held  by  casein  is  inter- 
esting as  explaning  the  difficulty  which  Hammarsten'  found  in  try- 
ing to  remove  sulphuric  acid  from  casein  by  rubbing  in  a  mortar 
with  successive  portions  of  water.  Van  Slyke  and  Hart'  found 
that  it  required  80  or  90  triturations  with  successive  portions  of 
fresh  water  to  remove  completely  the  sulphuric  acid  from  casein. 
It  also  appears,  from  the  readiness  with  which  a  ^ven  amount  of 
water  extracts  the  maximum  amount  of  acid  by  simply  shaking 
with  the  acid-casein,  that  a  few  minutes  of  agitation  with  each  of  a 
number  of  successive  portions  of  pure  water  should  remove  tiie 
acid  as  well  as  trituration. 

From  the  varyii^  levels  approached  by  the  curves  of  Fig.  13, 
it  is  apparent  that  the  equilibrium  ratio  of  acid  in  i  gram  casein 
to  acid  in  i  cc.  water  is,  as  already  mentioned  aboVe,  not  a  constant, 
even  within  the  limits  of  concentration  tested,  but  increases  with 
the  diluticn.  In  order  to  follow  the  variation  of  the  ratio,  the  fol- 
lowing experiment  was  performed : 

■4795  S-  o^  casein  was  shaken  for  two  and  one-half  hours  with 
100  cc.  of  N-250  H,  SO,.  As  indicated  by  Table  XV  and  the  curves, 
this  time  is  suEfident  for  equilibrium  to  become  practically  complete, 
and  not  long  enough  to  result  in  appreciable  solution  of  proteid.  The 
suspension  was  allowed  to  settle  until  the  supernatant  solution  was 
perfectly  clear,  then  50  cc.  of  the  latter  drawn  off  with  a  pipette  and 
replaced  by  an  equal  volume  of  conductivity  water.  The  mixture 
was  then  shaken  two  hours  and  50  cc.  of  the  solution  again  replaced 
by  conductivity  water;  and  this  process  was  repeated  twice  more. 
The  50  cc.  portions  drawn  off  were  first  tested  for  conductivity, 
then  titrated  with  N-ioo  KOH.  In  no  case  was  a  precipitate  noticed 
on  titrating,  and  the  titration  results,  considering  the  dilution  of 
die  solutions,  agree  throughout  satisfactorily  with  those  obtained 
by  conductivity.  Evidently  no  appreciable  solution  of  proteid 
occurred. 

^/ahrttbtT.  Tier-Chetn.,  7:16a    1877. 

'  N.  Y.  AgrL  Expt  Sta.  BulL  No.  361,  p.  14. 
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Table   XVII.— Showing   Efmct  of   Concenikatioii  of    Svuhusic  Acn> 

Upon  Value  of  Equilibuum  Rxno^^^^^'  „  '  V  """fV* 
eon.  Hi  SOt  m  VKU«r. 


No 

DiBCRIPTlOH. 

Jiiil 

4.000 
I.S47 
«,o83 
o.8a8 
0.M7 

«.08 
1.80 

0.04 

0 
609.4 

448.0 

386.4 

831.7 

319.4 

4".« 
465.8 

4«a.7 

8 

4 

unlU  equilibrium  was  nstored 

It  is  evident  that  the  value  of  the  ratio  varies  inversely  as 
the  concentration  of  the  acid;  it  increases  with  the  dilution. 
This  increase  is  similar  to  that  observed  in  most  cases  of  adsorp- 
tion  phenomena  and.  moreover,  occurs  in  accordance  with  the 


exponential   formula,   ^  = 


found  empirically   to  hold   in   a 


large  proportion  of  adsorptions,  that  are  reported,*  in  which 
^  =  a  constant ;  C,  =  amount  of  solute  adsorbed  per  unit  mass 
of  adsorbent  {=  concentration  of  sulphuric  acid  in  casein) ; 
Cj  =  concentration  of  solute  in  solution  in  contact  with  adsor- 
bent (=3  concentration  of  sulphuric  acid  in  water) ;  p,  tiie  ex- 
ponent of  c,  is  a  constant,  dependent  like  ^  upon  the  substances 
and  conditions;  p  =  1.95  in  the  present  case,  la  the  following 
table  are  arranged  all  the  equilibrium  results  recorded  in  th^ 
foregoing  tables.  They  show  the  regular  increase  of  the  ratio  with 
the  dilution  of  sulphuric  add  and  the  approximate  constancy  of  p', 
independant  of  the  manner  in  which  equilibrium  was  obtained. 

'Schmidt  Zlickr.  Phys.  Chem.,  is:s&  1894;  Walker  and  Appleyard. 
/mt.  Chtm.  Soe.  69:1334.  i8g6;  Freondlich.  ZUckr.  Phys.  Chtm.,  57:3^. 
igo& 
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Tabu  XVIII. —  Showing  Effect  of  Duutiom  of  Suuhuuc  Aod  Upon 
Ci 
Eqoiubriuu  Ratio — , 
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ACTION  OF  LACTIC  ACID  UPON  CASEIN  WITHOUT  SOLUTION. 

The  work  with  lactic  acid  covers  the  concentrations,  N-IZ5, 
N-500,  and  N-iooo.  We  used  100  cc.  of  each  solution  for  i  gram 
of  casein.  The  method  of  experiment  is  described  in  detail  on 
pp.  210-221.    The  results  of  tlie  work  are  presented  in  Table  XIX. 

Table  XIX.—  Showing  Amounts  of  Lachc  Acid  Taken  up  by  Casein  at 
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Table  XIX.—  Showing  Auoukts  of  Lactic  Acid  Taken  up  e 
o'  C—  (.Continued). 


CASEIN    AT 


1? 

ill 

i 

.E      '" 

m 

1 

lllll 

i; 
III 

9i 

■|S2.S 

.1 

t 

87 

N-600 

■ar- 

32,6 

,°,^ 

8SS 

»?, 

0 

,s. 

48    h«. 

OflZ 

81.6 

44.3 

it:i 

2 

* 

The  results  embodied  in  the  preceding  table  may  be  summarized 
as  follows: 

(i)  The  amount  of  lactic  acid  taken  up  by  casein  varies  with 
tlie  time  of  contact  and  the  concentration  of  the  acid  in  which  the 
action  takes  place, 

(2)  Tlie  amount  of  lactic  acid  taken  up  at  equilibrium  by  i  gram 
of  casein  varies  nearly  in  proportion  to  the  final  concentration  of  the 
free  acid  surrounding  the  casein,  as  we  have  found  to  be  true  in 
case  of  hydrochloric  acid.  The  amount  of  lactic  acid  taken  up 
under  similar  conditions  by  I  gram  of  casein  is  less  than  in  the  case 
uf  hydrochloric  acid. 

(3)  In  the  case  of  lactic  acid,  the  ratio  obtained  by  dividing  the 
amount  of  acid  in  i  gram  of  casein  by  the  amount  of  acid  in  i  cc. 
of  the  surrounding  solution  is  75.7  to  83,  within  the  concentrations 
tested,  when  equilibruim  is  approached,  which  occurs  at  0°  C.  in 
24  hours,  while  in  thl^  case  of  hydrochloric  acid  the  ratio  is 
about  147. 

17 
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ACTION    OF  ACETIC  ACID  UPON   CASEIN   WITHOUT  SOLUTION. 

The  work  with  acetic  acid  includes  experiments  at  o"  C.  with 
N-500  and  N-iooo  solutions  and  at  25°  C.  with  N-125  acid.  The 
results  are  tabulated  below. 


Table  XX. —  Showing  Ai 


F  Acetic  Acid  Taken  up  by  Casein. 
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Briefly  summarized,  the  results  embodied  in  the  preceding  table 
indicate  that, — 

(i)  The  action  of  acetic  acid  with  casein  is  in  a  general  way 
similar  to  that  of  the  other  acids  previously  considered. 

(2)  Acetic  acid  is  taken  up  by  casein  in  considerably  smaller 
amounts  than  are  the  other  acids,  conditions  being  uniform, 

(3)  A  comparison  of  the  action  of  casein  with  the  acids  studied 
is  graphically  shown  in  Fig.  15.  The  curves  represent  results 
obtained  with  N-500  solution  in  each  case  at  0°  C. 

NON-ACTION    OF    CASEIN    ON    DILUTE    SOLUTIONS   OF    NEUTRAL   SALTS. 

In  order  to  determine  the  eflFect  of  displacing  the  H*  ion  from 
solution,  half-gram  samples  of  casein  were  shaken  with  50  cc.  por- 
tions of  the  pure  N-50  KCl  solution  used  for  standardizing  the  con- 
ductivity cells,  the  duration  of  shaking  varying  from  5  minutes  to 
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28  hours.  In  no  case  was  change  in  conductivity  observed.  In  the 
case  of  N-125  MgSO^  solution  similarly  treated,  there  was  a  de- 
crease of  only  a  few  tenths  of  a  per  ct.  in  conductivity.  From  these 
experiments,  it  is  apparent  that  the  H*  ion  is  the  factor  in  solution 
on  which  depends  the  fixation  of  the  large  amounts  of  electrolyte 
previously  determined  in  tlie  experiments  with  the  mineral  acids. 

DISCUSSION   OF  RESULTS. 

In  the  foregoing  pages,  it  has  been  shown  (i)  that  when  casein 
and  a  dilute  acid,  as,  for  example,  hydrochloric  acid,  are  shaken 
together,  the  final  amount  of  acid  taken  up  by  a  gram  of  casein 
without  solution  of  the  proteid  is  not  constant  but  varies  contin- 
uously with  the  concentration  of  the  surrounding  acid  solution ; 
{2)  that,  however  small  the  amount  of  acid  used,  it  is  never  com- 
pletely taken  up;  (3)  that  the  amount  of  acid  taken  up  varies  also 
with  the  temperature;  and  (4)  that  the  acid  passes  as  readily  from 
the  casein  into  the  surrounding  solution  as  from  the  solution  into 
tlie  casein,  moving  either  way  according  to  the  change  required  to 
establish  the  equilibrium  ratio,  amount  of  acid  in  i  gram  of  casein 
divided  by  the  amount  of  acid  in  i  cc.  of  surrounding  solution,  as 
shown  in  the  cases  of  hydrochloric  and  sulphuric  acids.  It  is  evi- 
dent that  no  acid-casein  compound  of  constant  composition  is 
formed.  Three  different  explanations  may  be  offered  to  account 
for  the  facts  observed ; 

(i)  The  reaction  may  be  regarded  as  one  of  adsorption,  the 
insoluble  acid-casein  being  what  van  Bemnielen  calls  an  adsorption 
compound, 

(2)  Af^lying  Witte's  explanation  of  the  fixing  by  fibers  of  sub- 
stantive dyes,  the  reaction  may  be  one  of  solution,  the  acid  dividing 
itself  between  casein  and  water  as  resorcinol  divides  itself  between 
ether  and  water,  according  to  its  solubility  in  each. 

(3)  The  insoluble  acid-casein  may  be  regarded  as  a  hydrolyzible 
salt,  its  inconstant  composition  being  due  to  hydrolysis,  which  varies 
with  the  temperature  and  concentration  of  the  acid. 

We  will  consider  each  of  these  hypotheses  in  their  relation  to  the 
facts  that  have  been  develt^d. 
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IS  the  reaction  one  of  adsorption  ? 

By  adsorption  is  meant  the  process  whereby  a  solid  substance 
A  in  contact  with  a  solution  of  a  dissolved  substance  B  ccmcentrates 
B  upon  its  surface,  withdrawing  a  portion  of  B  from  solution  with- 
out forming  with  it  a  definite  chemical  compound. 

In  regard  to  the  characteristics  of  adsorption  reactions,  we  quote 
the  five  characteristic  points  given  by  van  Bemmelen  for  reactions 
of  this  class:' 

"(i)  The  adsorbed  amounts  stand  in  no  equivalent  proportions 
to  the  adsorbing  mass. 

"(2)  The  composition  varies  with  the  structure  of  the  adsorbing 
substance  and  with  all  modifications  which  the  latter  undergoes  by 
reason  of  its  method  of  preparation,  age,  heat  or  action  of  other 
substances. 

"(3)  The  composition  varies  with  the  temperature. 

"(4)  Likewise  with  the  concentration  of  the  solution,  in  case  sub- 
stances are  adsorbed  from  their  solutions ;  and  the  composition 
varies  in  such  manner  that  the  adsorption  factor  k  in  the  formula 

— ^^F{k)  is  not  constant,  but  is  dependent  upon  the  concentration 
of  the  solution  according  to  a  function  that  we  do  not  understand. 
In  general,  however,  c,  increases  more  slowly  than  c,"  (  -  -'-  decreases 

as  concentration  increases). 

c,=^  amount  of  solute  adsorbed  per  unit  mass  of  adsorbent. 

c,  =  concentration  of  solute  in  solution. 

F  =  unknown  function. 

In  another  article  ^  however,  van  Bemmelen  says :  "  When  the 
adsorptive  power  is  small  and  the  solution  not  concentrated,  then, 

between  certain  limits  of  concentration,  _!,  is  nearly  constant," 

C; 

In   regard    to   the   variation   of — ',   while,   as   van    Bemmelen 

states,  an  entirely  general  and  accurate  formula  is  unknown, 
the  relation  in  a  large  proportion  of  adsorptions,  can  be  expressed 

'Zlschr.  Anorgan.  Ckem.,  36:381.     1903. 
^Ztsckr.  Fhyt.  Chem.,  18:33.     1895. 
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with   a   fair  degree  of  approximation   by   the   equation,  j3^J- 

j3  and  p  being  constants  dependent  in  value  upon  the  active  sub- 
stances and  the  conditions.  The  formula  has  been  found  to  hold  by 
Freundlich,  Walker  and  Appleyard,  and  Schmidt,  (loc.  cit.)  In 
the  experiments  of  Schmidt,  p  was  found  to  vary  from  2  to  to,  while 
in  those  of  Freundlich  (loc.  cit.  p.  396)  p  did  not  vary  greatly  from 
2  in  most  cases.    When  p  becomes  unity,  the  formula  applies  to  the 

case  in  which  — '  =  constant. 

Cj 

"(5)  The  velocity  with  which  the  foniiation  of  an  adsorption 
compound  occurs  decreases  continually  as  more  substance  is  ad- 
sorbed and  the  adsorption  approaches  equilibrium.''  In  another 
article  van  Bemmelen^  says :  "  The  adsorption  begins  with  great 
speed  and  decreases  continually  as  more  substance  is  adsorbed  and 
equilibrium  is  approached.  With  constant  shaking,  the  latter  is 
usually  reached  iji  one  to  three  hours." 

To  the  above  we  may  add  the  two  points  following: 

(6)  The  reaction  approaches  a  true  equilibrium,  which  can  be 
approach  from  either  side,  as  stated  by  Ostwald,'  and  as  shown 
by  the  work  of  Freundlich,^  and  laso  by  Walker  and  Appleyard. 

(7)  Ostwald*  expresses  graphically  as  follows  the  characteristic 
relation  between  the  concentration  of  the  solution  and  amount  of 
solute  adsorbed.  Using  rectangular  coordinates,  if  one  plots  dilu- 
tions of  the  solution  as  ordinates  and  amounts  of  solute  adsorbed 
as  abscissae,  the  resulting  curve  will  be  nearly  a  hyperbola. 

Of  the  above,  the  first  and  most  important  point  corresponds 
entirely  with  the  facts  observed  in  the  reaction  between  casein  and 
acids.    There  are  no  definite  combining  proportions. 

None  of  our  data  bears  upon  the  second  point,  since  the  casein 
was  all  prepared  and  kept  by  one  uniform  method. 

The  third  statement  is  in  harmony  with  our  results.  In  the  cases 
tested,  temperature  was  found  to  have  a  considerable  influence  upon 
the  amount  of  acid  fixed. 

'  Zlich.  anorg.  Ckem.,  33:345.     190a 
'  Lehrb.  (1.  Allf?.  Chem.  2d  Aufl.  i,  1903. 
'  Loc.  cit.  p.  389. 
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Regarding  the  fourth  point,  it  was  found  that  in  all  cases  the 
fundamental  principle  was  complied  with:  The  amounts  of  acid 
tiiken  up  per  gram  of  casein  at  equilibrium  depend  upon  the  final  con- 
centrations of  the  solutions.     In  the  cases  of  hydrochloric,  lactic, 

,        ..        . ,   a  j      concentration  acid  in  caseinN  .  , 

and  acetic  acid,  —I  =^  -  ...  ■  ,  ■  .-     I  is  nearly  con- 

es \      concentration  aciti  in  water  /  ^ 

stant.  Tliis,  acording  to  van  Bemmelcn,  may  occur  when  solutions 
are  dilute  and  adsorptive  power  weak.  While  the  adsorptive  ixiwer, 
particularly  in  the  case  of  hydrochloric  acid,  is  not  weak,  the  so- 
lutions were  very  dilute.  In  the  case  of  sulphuric  acid,  where 
adsorption  is  much  stronger,  the  ratio  —  increases  with  the  dilution, 
in  accordance  with  the  usual  hehavior  of  adsorptions,  and  the  in- 
crease occurs  in  accordance  with  the  exponential  formula,  P^~' 
which  has  been  found  to  hold  in  a  large  proportion  of  adsorptions, 
p  being  1.9s  in  this  case  (p.  255),  If  p  be  taken  nearly  equal  to 
unity,  the  same  formula  holds  for  the  other  acids. 

In  velocity,  the  reaction,  agreeing  with  van  Bemmelen's  fifth 
criterion,  begins  with  great  speed,  and  becomes  slow  as  equilibrium 
is  approached.  Particularly  when  the  mixtures  of  casein  and  acid 
are  subjected  to  constant  agitation  so  that  the  casein  does  not  have 
to  wait  for  acid  to  reach  it  by  diffusion,  the  initial  velocity  was  enor- 
mous, the  curves  being  nearly  parallel  to  the  ordinate  axis  for  some 
distance.  Negative  acceleration  is,  of  course,  observed  in  reactions 
in  general  as  they  approach  equilibrium,  so  that  no  great  force  is 
to  be  attributed  to  this  characteristic  for  the  purpose  of  classifying 
the  reaction,  although  the  enormous  initial  velocity  is  not  usually 
observed  in  intermolecular  reactions  requiring  considerable  time  for 
completion.  The  great  velocity  with  which  acid  is  extracted  by 
water  from  the  insoluble  acid-casein  furnishes  a  marked  contrast 
to  the  stability  of  the  precipitated  acid  albumin  of  von  Rohrer,  an 
apparently  true  chemical  compound,  which  could  be  washed  witli 
water  without  changing  materially  its  acid  content. 

The  fact  that  the  equilibrium  can  be  approached  from  both  sides 
has  been  shown  in  the  cases  of  both  hydrochloric  and  sulphuric  acids. 

As  shown  in  Fig.  20,  the  curves  obtained  in  the  manner  indicated 
by  Ostwald  are  similar  to  the  hyperbola. 
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From  the  foregoing  considerations,  it  is  evident  that  the  reaction 
between  casein  and  dilute-acids  shows  the  characteristics  of  adsorp- 
tion phenomena. 

IS  THE  REACTION  A  CASE  OF  SOLUTION  OF  ACID  IN  CASEIN  ? 

Most  of  the  quaHtative  characteristics  of  the  reaction,  such  as  the 
lack  of  definite  combining  proportions  and  the  ability  of  the  acid  to 
divide  itself  according  to  a  definite  ratio  between  casein  and  water, 
are  characteristics  of  the  partition  of  a  solute  between  two  solvents, 
as  well  as  of  adsorption.  The  behavior  of  the  ratio  ■'  in  the  case 
in  question  particularly  when  sulphuric  acid  is  considered,  does  not, 
however,  correspond  to  the  conditions  of  distribution  in  such  cases. 
To  quote  Walker*  in  regard  to  the  law  of  distribution  in  solution: 
■'  If  the  molecular  weight  of  the  substance  in  one  solvent  is  n  times 
as  great  as  its  molecular  weight  in  the  other  solvent,  then,  when 
equilibrium  is  attained,  the  nth  root  of  the  concentration  in  the  first 
solvent  will  bear  a  constant  ratio  to  the  concentration  in  the  second 
solvent."  According  to  this,  the  molecular  weight  of  hydrochloric 
acid  would  have  to  be  regarded  as  the  same  in  water  that  it  is  in 
its  hypothetical  solution  in  casein,  in  order  that  the  ratio  of  concen- 
tration of  acid  in  casein  to  concentration  of  acid  water  should  be 
constant.  As  is  shown,  however,  by  the  freezing  point,  osmotic 
pressure  and  electrical  conductivity  of  hydrochloric  acid  solutions, 
the  hydrochloric  acid  molecule  is  almost  completely  dissociated  in 
water  at  the  concentrations  employed.  An  equal  degree  of  dissocia- 
tion is  required  by  the  laws  of  solution  for  the  hj'drochloric  acid  in 
the  casein,  where  it  is  from  100  to  150  times  as  concentrated  as  in 
the  water.  This  would  require  us  to  regard  casein  as  a  solvent 
having  a  remarkable  dissociating  effect,  far  surpassing  that  of  water, 
which  is  very  improbable.  In  the  case  of  the  reaction  with  sul- 
phuric acid  in  which  the  ratio  decreases  as  concentration  of  acid  in 
water  increases,  the  laws  of  solution  require  a  much  smaller  molec- 
ular weight  for  the  sulphuric  acid  in  casein  than  that  of  sulphuric 
acid  in  water  solution,  which  is  clearly  an  impossibility.  From  the 
foregoing  considerations,  it  is  evident  that  the  hypothesis  of  solution 
does  not  apply  to  the  action  under  consideration. 

'Jour.  Chem.  Soc.  [LondonX,  Trans.,  69;i33S.    1896. 
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is  the  acid-casein  solid  a  hvdr0l12ible  salt? 
In  case  the  insoluble  acid-casein  were  a  hydrolyzible  salt  of  an 
acid,  as  hydrochloric  acid,  casein  acting  as  a  weak  base,  we  should 
observe  the  same  qualitative  characteristics  as  tliose  noted,  viz.,  the 
dependence  of  the  amount  of  acid  taken  up  by  casein  upon  the 
concentration  used  and  upon  the  temperature,  and  a  loss  of  acid 
when  the  insoluble  acid-casein  is  shaken  with  pure  water.  We 
should,  however,  expect  somewhat  more  hydrochloric  than  sulphuric 
acid,  reckoned  in  equivalents,  to  be  taken  from  solution  of  equal 
concentrations,  since  hydrochloric  acid  is  somewhat  the  stronger 
acid.  Instead,  the  amount  of  sulphuric  acid  taken  up  is  much  the 
greater.  Furthermore,  according  to  the  law  of  mass  action  and  the 
behavior  of  chemical  reactions  of  this  class,  equilibrium  would 
always  be  reached  when  the  concentration  of  the  free  acid  had  been 
reduced  to  a  certain  constant  value,  the  amount  of  acid  held  by 
casein  being  no  factor  in  the  equilibrium  so  long  as  all  the  basic 
valences  of  the  latter  were  not  neutralized.  According  to  the  law 
of  mass  action,  if  we  regard  the  insoluble  acid-casein  as  a  salt  of 
an  acid,  say  hydrochloric  acid  for  example,  hydrolyzing  in  accord- 
ance with  the  hypothetical  equation. 

Casein  CI  y -I- y  H,0  .^Casein  (OH)y+yHCl, 
(acid-casein)  (free  casein) 

equilibrium  must  be  reached  when 

CflCl  XCcaMin<OH)y  __  tt 

C&joXCcgseioCl  y  * 

in  which  C  =  concentration  of  IICl;  C^^^.^  .q^,  ^^  concen- 
tration of  free  casein,  etc.;  y  =  basic  valence  of  casein;  K  =a 
constant  dependent  on  temperature.  The  hydrochloric  acid  is  the 
only  reagent  of  variable  concentration.  Consequently  '  the  equation 
simplifies  to  C„„^Kj. 

The  accuracy  of  this  form  of  equation  for  reactions  involving 
only  one  substance  of  variable  concentration  has  been  repeatedly 
proved  by  well-known  reactions.  In  the  decomposition  of  CaCOj 
by  heat,   C         ^^'^c     ^"  ^^^   reaction  by  which  ammonia  and 

' "  Only  gaseous  and  dissolved  substancps  have  varying  concentrations." 
(Ostwald  Principles  of  Inorganic  Chemistry.  Tran-slalion  hy  Finillay,  P-327, 
1902.) 
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CaCl.  combine,  the  pressure  (concentration)  of  ammonia  at  equi- 
librium depends  only  on  the  temperature.  The  same  is  true  of  the 
reaction  between  PbO  and  NH^CI,  in  which  ammonia  is  formed.* 

As  examples  in  which  tlic  reaction  is  hytlrolysis  and  therefore 
especially  comparable  to  the  hypothetical  hydrolysis  of  insoluble 
acid-casein,  the  hydrolyses  of  mercurous  sulphate  and  of  the  picrate 
of  diphenylamine  may  be  noted.  The  first  reaction  was  studied  by 
Gouy^  and  by  Hiilett.^    It  occurs  in  accordance  with  the  equation, 

3  Hg,SO,  +  2  H,0^[Hg  (OH)],  (Hg,SO.)  +  2  HgHSO.. 
The  HgllSO,  is  relatively  the  only  soluble  substance  and  conse- 
quently the  only  one  of  varying  concentration.  Equilibrium  is 
reached   when    C  =    constant,    this    constant    concentration 

at  25°  C.  being  0.00225  molecular  weights  in  grams  per  liter. 
When  HgjSOi,  or  a  mixture  of  it  with  the  basic  salt,  was  shaken 
with  water,  hydrolysis  always  proceeded  until  the  concentration  of 
the  HgHSO,  reached  this  value,  and  no  further  hydrolysis  occurred 
unless  the  mixture  of  salts  was  treated  with  fresh  water,  when  the 
process  again  went  to  the  same  limit,  and  it  could  be  repeated  until 
all  the  HgjSO,  was  changed.  Hulett  trealed  a  portion  of  Hg^SO, 
thus  with  43  successive  portions  of  water  and  found  at  the  end  of 
each  treatment  (of  12  hours)  tlie  same  concentration  of  HgHSO, 
in  solution.  The  forty-third  treatment  exhausted  the  HgjSO,  and 
further  treatment  had  no  effect  except  to  dissolve  traces  of  the 
basic  salt. 

The  picrate  of  diphenylamine,  like  all  salts  of  this  base,*  is  hydro- 
lyzed  by  contact  with  water,  with  formation  of  picric  acid  and 
diphenylamine.  Both  diphenylamine  and  its  picrate  are,  like  casein 
and  acid-casein,  practically  insoluble.  The  picric  acid  is,  therefore, 
tlie  only  reagent  of  variable  concentration.  Walker^  found  that 
picric  acid  (saturated  solution)  placed  in  contact  with  varying  excess 
portions  of  diphenylamine  always  combined  with  it  until  the  con- 
centration of  the  acid  was  reduced  to  13.8  mgs.  per  cc.     H  picric 

'Isambert.     Compt.  Rciid.  Acad.  Set.  [Parii],  103:1313.    1886. 
'Compt.  Rend.  Acad.  Set.   ll'aris],  130:1399.     1900. 
'  Ztschr.  Phys.  Chem.,  49:491.    1904. 

1  Meyer  and  Jacobson.    Lehrbuch  tier  Organishe  Chcmie,  II    (i)    p.   17?. 
1902. 
tJour.  Chem.  Soc.  [Loii-loril.  Trans.,  69:1^1.     1896. 
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acid  of  less  concentration  than  13.8  mgs.  per  cc.  was  placed  in  con- 
tact with  diphenylamine,  no  combination  occurred. 

From  the  preceding  discussion  of  adsorption  reactions  and  of 
hydrolysis  in  which,  of  the  reacting  substances,  only  the  acid  lias 
variable  concentration  (that  is,  is  soluble),  it  is  evident  that  the  two 
kinds  of  reactions  are  represented  by  curves  which  characteristic 
differences  as  shown  in  Figs.  16  and  17. 


DuTolioVi     o|  Keactio>i  " 


Fig.  16, — Typical  curves  for  combinalio 
both  base  and  salt  being  insolnble. 


of  aciO  to  form  liydrolyziblc  salt. 


The  four  curves  in  each  of  the  diagrams  represent  the  theoretical 
effect  of  contact  with  an  excess  of  insoluble  base  (Fig.  16)  and 
with  an  adsorbent  mass  (Fig.  17),  respectively,  upon  portions  of 
acid  of  varying  concentration,  the  conditions  used,  other  than  con- 
centration of  acid,  being  the  same  for  the  four  cases  represented  in 
each  figure. 
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The  diagrammatic  curves  of  Fig.  16  signify  that, — 
( 1 )  When  an  insoluble  base  forming  an  insoluble  hytlrolyzible 
salt  is  treated  with  acid  of  the  equilibrium  concentration  (curve  3), 
as,  for  example,  13.8  mgs.  per  cc.  in  the  case  of  picric  acid  and 
diphenylamine,  none  of  the  acid  is  combined,  so  that  its  concen- 
tration remains  constant. 


Duration   «f   HeAction — >■ 

Fig.  17.— Typical  curves  for  adsorption. 

(2)  Likewise,  when  the  initial  concentration  is  less  than  that  re- 
quired for  equilibrium,  none  is  combined  (curve  4). 

(3)  When  the  initial  concentration  is  greater  than  that  required 
for  equilibrium  (curves  i  and  2),  acid  is  combined  until  the  con- 
centration of  free  acid  is  reduced  to  the  equilibrium  value,  which 
is  the  same,  whatever  the  initial  concentration  of  the  acid, 
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The  curves  of  Fig,  17  signify  that, — 

(i)  When  an  acid  or  other  substance  is  adsorbed  from  solution, 
the  initial  concentration,  however  small,  is  always  reduced  by  con- 
tact with  the  adsorbent. 

(2)  Tiie  equilibrium  concentration  varies  wih  initial  concentration 
in  each  case.  There  is  no  equilibrium  constant  for  the  concentration. 


A 


A 


X        y         4  B        It         l-i       l*li  /B       .U      a       ^¥     A.i     'IB        30 

T/oars  Contact >■ 

Fic.  18. —  Showing  decrease  of  coneentralion  of  free  hydrochloric  acid 
resulting  from  action  of  casein  in  taking  up  acid.  (Table  VIII,  column  3.) 
Comparison  with  Figs.  16  and  17  shows  that  the  curves  are  characteristic 

of  adsorpUon.  r .  ,.du  >.  AHtV  le 
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The  curves  of  Fig,  18  express  results  obtained  with  four  initial 
concentrations  of  hydrochloric  acid,  as  given  on  p.  237,  Table  VIII, 
column  3.  Similar  curves  are  obtained  by  plotting  the  results  tabu- 
lated for  the  other  acids.  The  forms  of  the  curves  (compare  with 
Figs.  16  and  17)  show  clearly  that  the  reaction  has  the  character- 
istics noted  above  for  adsorption  and  does  not  fulfil  the  requirements 
of  the  formation  of  a  hydrolyzible  salt. 

This  fact  is  brought  out  even  more  strikingly  by  the  application 
of  Ostwald's  graphic  criterion  for  adsorption.  According  to  this 
if,  using  equilibrium  data,  one  plots  dilutions  of  the  solution  as 
ordinates  and  amounts  of  solute  adsorbed  as  abscissae,  the  char- 
acteristic curve  for  adsorption  is  similar  to  a  hyperbola.  In 
the  case  of  formation  of  a  hydrolyzible  salt  of  the  kind  in  question, 
the  curve  would  be  very  different.  For  the  combination  of  any 
acid  at  all,  tlie  dilution  could  not  exceed  that  corresponding  to  the 
concentration  constant.  Nor,  until  the  base  is  completely  neutral- 
ized, can  acid  in  contact  with  it  at  equilibrium  be  of  less  dilution 
than  the  constant,  since  the  acid  will  continue  to  combine  until  that 
dilution  is  reached.  Consequently,  as  more  acid  is  added  to  2 
solution  in  contact  with  the  base,  the  latter  takes  it  up,  keeping  the 
dilution  constant  until  the  basic  valences  are  all  saturated,  the  curve 
expressing  these  conditions  being  a  horizontal  line.  Further  addi- 
tion of  acid  simply  decreases  the  dilution,  since  further  combination 
is  impossible,  and  the  curve  drops  perpendicularly.  The  two  types 
of  curves  are  illustrated  in  Fig.  19,  Curves  i  and  2  represent  ad- 
sorptions following  the  equation  ^^  --  ,  in  which  p  has  the  values 
I  and  2  respectively.  In  the  former  case  the  curve  is  a  true 
hyperbola.  In  the  latter  it  represents  the  average  relations  observed 
by  Freundlich  in  adsorption  by  charcoal.  The  rectilinear  curve  3 
represents  tJie  conditions  in  the  formation  of  a  solid  salt,  as  de- 
scribed above.  In  Fig.  20  the  results  experimentally  obtained  with 
the  various  acids  are  graphically  represented.  Comparison  with 
Fig.  19  shows  that  the  reactions  represented  are  adsorptions. 
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^m'l  Acid  Fu«4  ^>eTgof'^''^**^ — *" 

Fig.  19. — Typical  curves  contrasting  relations  in  adsorption,  with  those 
in  formation  of  an  insoluble  hydrolyzible  salt  from  an  insoluble  base. 
The    adsorption    curves    are    plotted    in    accordance    with    the    exponential 

formula  j8  =  _i Arrows    above    curves    indicate    direction    of    change 

caused  by  addition  of  acid. 
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Fig.  20. —  Curves  express  relation  at  equilibrium  betw< 
ouH  acids  and  amounts  fixed  by  one  gram  of  casein. 

Comparison  with   Fig.    19    shows    that   the   curves   a 
adsorption. 

Comparison  of  the  curves  with  each  other  at  the  sam 
rdative  amounts  pf  the  different  acids  adsorbed. 
18 
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From  the  results  presented  above,  it  is  apparent  that  the  reaction 
by  which  undissolved  casein  reduces  the  concentration  of  an  acid 
solution  is  one  of  adsorption  and  not  the  formation  of  either  a  stable 
or  3  hydrolyzible  salt,  as  is  shown  by  the  absence  of  either  con- 
stant combining  proportions  or  a  constant  concentration  of  acid  at 
equilibrium. 

Casein  is  not  the  first  proteid  whose  adsorptive  power  for  acids 
has  been  studied.  Walker  and  Appleyard'  found  that  silk  fixed 
varying  proportions  of  mineral,  fatty  and  aromatic  acids,  the  aro- 
matic being  adsorbed  most  completely,  mineral  acids  next,  and  fatty 
acids  least;  and  it  was  shown  that  the  reaction  was  one  of  ad- 
sorption. Schmidt^  found  that  the  process  by  which  silk  fixed  the 
acid  dye,  eosin,  is  one  of  adsorption  and  concluded  from  this  and 
other  data  that  the  dj'cing  of  silk  is  an  adsorption  phenomenon. 
Sjoqvist^  found  that  coagulated  egg  albumin  takes  hydrocblori^- 
acid  and  sulphuric  acid  from  solution,  and  that  the  acids  could  be 
re-exlracted  from  the  albumin  with  water,  the  reaction  being  char- 
acteristic of  adsorption,  although  Sjoqvist  attributes  it  a  priori  to 
the  formation  of  a  hydrolyzible  albumin-ai:id  salt.  Using  in  each 
case  2  grains  of  albumin  for  loo  cc.  of  acid,  he  found  that  in  five 
minutes,  72,  83  and  91  per  ct.  of  the  acul  was  reuiuved  from  solu- 
tions, respectively,  of  N-io,  N-20  and  N-40  concentration.  It  is 
apparent  that,  although  the  time  of  reaction  was  too  short  to  permit 
final  conclusions,  the  results  suggest  an  adsorption,  inasmuch  as  the 
concentration  of  the  acid  was  reduced  in  all  cases  and  more  markedly 
as  dilution  increased,  and  showed  no  tendency  towards  an  equilib- 
rium constant.  Hardy*  calls  attention  to  the  fact  that  the  reacting 
masses  of  dissolved  globulin  and  acid  are  not  constant,  and  he  is 
inclined  lo  suggest  the  possibility  that  the  relation  between  electro- 
lytes and  proteids,  even  in  solution,  may  be  one  of  adsorption,  the 
prtcid  molecules  being  gathered  into  minute  masses  in  suspension, 
which  form  an  "  inner  phase  "  more  or  less  rich  in  adsorlwd  electro- 
lyte. Hardy  emphasizes  the  "need  for  caution  in  regarding  the 
reaction  between  proteids  and  acids  as  one  of  simple  salt  formation. 

'Jour.  Chcm.  Soc.  \I.ondoB\,  Trans.,  69:1334.    1896. 

'Ztschr.  Phys.  Chem.,  13:*  o.     1894. 

'Skand.  Arch.  Physiol.,  sms,    1895. 

*Jour.  Physiol,  33:300.     iim.-,  *"' 
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llic  possibility  of  the  phenomena  belonging  to  the  intricate  border- 
land of  adsorption  combinations  must  not  be  lost  sight  of." 

The  selective  action  of  casein  in  taking  acids  but  not  neutral 
mineral  salts  from  solution  is  paralleled  by  that  of  charcoal. 
Freundlich  (loc.  cit.)  finds  that  a  carefully  purified  preparation  of 
the  latter  adsorbs  mineral  and  organic  acids,  particularly  the  latter, 
but  alters  the  concentration  of  mineral  salts  by  less  than  one  per  ct. 
In  this  case  the  adsorbent  is  equally  inert  in  a  chemical  sense  to- 
wards either  acids  or  salts.  Tlie  reaction  is  purely  one  of  surface 
energy,  independent  of  any  possibility  of  chemical  combination  be- 
tween adsorbent  and  dissolved  substance,  and  the  same  may  be  the 
case  with  casein. 

It  appears,  however,  that  in  all  cases  adsorptive  power  and  the 
tendency  to  react  chemically  are  not  so  sharply  separated,  van 
Bemmeleni  says:  "  If  P  and  C  (adsorbent  and  dissolvent  substance) 
are  indifferent  to  each  other  according  to  the  ordinary  chemical  con- 
ception, an  adsorption  may  occur,  but  it  is  in  many  cases  only  a 
weak  one."  He  found  that  the  hydrogel  of  SiOj  adsorbed  strong 
bases  much  more  strongly  than  strong  acids  or  salts.  MnOj,  which 
has  acid  properties  and  can  combine  chemically  with  strong  bases, 
adsorbs  alkali  better  than  it  does  acids  or  salts.  Metastannic  acid, 
which  can  form  combinations  with  acids,  adsorbs  potassium  chloride 
weakly,  hydrochloric  acid  strongly.  From  these  and  other  similar 
facts,  van  Bemmelen  concludes  that  it  appears  that  "  in  many  cases 
adsorption  is  distinguished  as  the  forerunner  of  chemical  combi- 
nation." Adsorption  is  strong  in  many  cases  when,  under  other 
conditions  or  by  gradual  inner  changes,  chemical  compounds  can  be 
formed.  For  example,  van  Bemmelen  found*  that  colloidal  silica 
in  contact  with  barium  hydroxide  adsorbed  the  latter  in  accordance 
with  the  criteria  of  adsorption,  so  long  as  barium  hydroxide  of  less 
than  a  certain  concentration  was  used.  When  this  concentration 
was  exceeded,  combination  occurred  and  a  compound  having  the 
composition  BaSiOj.  6HjO  separated  in  crystalline  form.  In 
double  transposition  in  solution,  as  between  salt  anil  salt,  the  new 
compound  is  often  precipitated  as  a  colloid  and  changes  later  into  a 


'Ztsehr.  Anorgan.  Chem.,  33:342. 
'Zlichr.  Anorgan.  Chtm.,  36:380.    1903. 
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chemical  compound  of  crystalline  form  and  definite  composition. 
It  is  questionable  whether  the  colloidal  precipitate  first  formed  is  a 
chemical  compoimd  of  definite  proportions  rather  than  an  adsorption 
compound,  or  a  transition  between  the  latter  and  a  definite  chemical 
compound,  van  Bemraelen  has  determined  the  transition  of  pre- 
cipitated colodial  adsorption  compounds  of  APO„  BaO,  and  CuO 
into  chemical  compounds. 

From  the  standpoint  of  van  Bemmelen  discussed  in  the  preceding 
paragraph,  viz.,  that  a  chemical  affinity  between  two  substances,  in- 
sufficient to  cause  a  chemical  reaction  under  existing  conditions, 
may  result  in  the  formation  of  an  adsorption  compound,  which  may 
or  may  not  give  rise  to  a  definite  chemical  compound,  one  may 
regard  the  action  between  casein  and  acids,  by  which  insoluble  acid- 
casein  with  varying  content  of  acid  is  formed,  as  the  formation  of 
an  adsorption  compound  under  such  influence;  and  the  change  to 
soluble  acid-casein  formed  on  long  standing,  on  warming  or  on  con- 
tact with  acids  above  a  certain  degree  of  concentration,  as  the  change 
of  the  adsorption  compound  into  a  chemical  one,  such  as  a  proteid- 
acid  salt. 

Assumptions  aside,  however,  as  to  the  possible  relation  between 
the  basicity  of  casein  and  its  adsorptive  power,  and  as  to  the  nature 
of  soluble  acid-casein,  the  action  of  dilute  acids  may  be  briefly 
stated  thus:  The  acids  first  concentrate  upon  the  casein  by  ad- 
sorption and  then  begin  to  dissolve  it  more  or  less  slowly  according 
to  conditions  of  temperature  concentration,  etc.  The  dissolved  sub- 
stance, at  least  in  the  case  of  hydrochloric  acid,  contains  more  acid 
than  the  adsorption  compound. 

The  fact  that  acid-casein  does  not  dissolve  in  warm  5  per  ct.  salt 
solution,  as  found  by  Van  Slyke  and  Hart'  is  explained  by  the 
work  of  Hardy  (loc.  cit.)  who  found  that  the  presence  of  acids  de- 
creases or  inhibits  the  solvent  power  .of  salt  solutions  towards  pro- 
teids.  When  the  insoluble  acid-casein  is  treated  with  salt  solution, 
the  latter  would  naturally  extract  part  of  the  adsorbed  acid,  and 
largely  lose  its  solvent  power. 

Although  the  results  obtained  during  our  limite<l  time  of  investiga- 
tion in  this  line  of  work  are  not  complete,  the  facts  that  have  been 

'N.  Y.  Agr,  Ex.  Sta.,  Bui.  261.    1905. 
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presented,  viewed  in  the  light  of  our  present  knowledge  regarding 
reactions  having  similar  characteristics,  have  forced  us  to  regard  the 
action  studied  as  a  case  of  adsorption,  with  the  formation  of  what 
van  Bemmelen  calls  "  adsorption  compounds,"  that  is,  physical  com- 
binations with  composition  varying  continuously  with  the  conditions. 
It  must  be  confessed  that  much  remains  to  be  learned  about  ad- 
sorption compounds,  and  the  phenomena  of  adsorption.  Tliey,  how- 
ever, have  certain  characteristics  in  common,  as  summarized  on  p. 
262,  and  the  possession  of  these  characteristics  by  the  reaction 
between  dilute  acids  and  casein,  together  with  the  complete  failure 
of  the  reaction  to  agree  with  the  accepted  laws  of  chemical  com- 
bination, lead  us  to  classify  the  process  as  an  adsorption.  Whether 
other  proteids  also  take  up  acids  by  adsorption,  or  whether  casein 
and  silk  are  peculiar  in  this  respect,  it  is  useless  to  speculate  about 
until  careful  quantitative  tests  have  been  made  with  other  proteids. 

For  an  interestmg  speculation  upon  the  possible  biological  sig- 
nificance of  adsorption,  the  reader  is  referred  to  the  discussion  at 
the  close  of  Freundlich's  recent  paper.' 

Viewing  the  action  between  casein  and  acids  as  an  adsorption, 
practically  brings  us  back  to  Hammarsten's  original  proposition,  in 
regarding  the  action  as  one  not  strictly  chemical;  though  his  con- 
clusion was  based  on  results  that  could  not  be  accepted  as  at  all 
decisive,  especially  in  view  of  the  facts  we  now  possess  which  were 
not  then  known. 

'  Zischr.  Fnysik.  Chem,,  57:385.    1906. 
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THE  HYDROLYSIS  OF  THE  SODIUM  SALTS 
OF  CASEIN.* 

I,  In  determiniTig  the  amount  of  alkali  neutralized  by  casein, 
different  indicators  give  different  results.  Phenolphtlialein  has 
been  in  most  common  use  in  such  work,  giving  higher  results  than 
other  indicators.  The  object  of  the  work  presented  was  to  de- 
termine the  neutral  point  by  means  of  conductivity  measurements 
in  comparison  with  the  use  of  phenolphthalein  and  alkali.  Our 
results  indicate  that  the  sodium  salts  of  casein  hydrolyze  so  readily 
that  titration  with  alkali  does  not  give  the  true  equivalent  weight 
of  the  proteid.  An  excess  of  casein,  as  of  phosphoric  acid,  is  re- 
quired to  overcame  the  alkalinity  of  the  hydrolizing  normal  salt. 
The  point  at  which  the  alkalinity  is  overcome  is  indicated  by  the 
attainment  of  minimum  conductivity  and  corresponds  roughly  with 
the  point  neutral  to  phenolphthalein.  Because  of  the  extreme 
weakness  of  its  acid  properties,  markedly  greater  excess  of  casein 
is  required  to  give  an  acid  reaction  with  less  delicate  indicators. 

In  determining  the  amount  of  alkali  that  is  neutralized  by  casein, 
the  results  obtained  by  the  use  of  different  indicators  do  not  agree. 
Thus,  more  alkali  is  required  with  litmus  than  with  methyl  orange 
and  still  more  with  phenolphthalein.'  The  amount  of  alkali  which 
casein  neutralizes,  with  the  use  of  phenolphthalein  as  indicator,  has 
been  chosen  somewhat  arbitrarily  as  representing  t]ie  true  result. 
It  was  on  the  basis  of  results  thus  obtained  that  Laqueur  and 
Sackur*  made  their  determination  of  the  equivalent  weight  of  casein. 

The  desirability  of  a  method  of  measuring  the  neutral  point  in 
such  cases,  independently  of  indicators,  is  apparent.  It  was  hoped 
that  the  determination  of  electrical  conductivity  would  furnish  this. 
It  is  well  known  that  %vhen  an  acid  is  added  to  a  solution  of  a  strong 
base,  the  conductivity  of  the  solution  decreases  until  the  neutral 

'Rtprint  of  Part  Ii.  Technical  Bulletin  No.  3. 
'  .SilldiiLT    Lond'.o.  Ven.-Slal..  35:351.     1888. 

Ccniranl.     Arch.  Phyiiol.    [i-'fliificr],  so:iog.     1891. 

I.aqm-iir.     lieitr.  Cltem.  Physiol,   u.  I'alh.,  7:273.     1905. 
'Beilr.  Chem.Fhysiol.   u.  Fath.,  3:197.     1903. 
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point  is  reached,  because  the  addition  of  acid  replaces  rapidly  con- 
ducting OH'  ions  with  more  slowly  conducling  acid  radicle  anions. 
The  addition, of  a  given  amount  of  acid  always  replaces  the  same 
number  of  OH'  ions,  and  decreases  the  conductivity  by  a  given 
amount;  therefore,  if  the  conductivities  are  plotted  as  ordinates  and 
the  amounts  of  acid  a<lded,  volume  of  solution  being  constant,  as 
abscissae,  the  resulting  curve  will  be  a  straight  line  sloping  down- 
ward to  the  neutral  point.  At  this  point  it  breaks  sharply.  If  the 
acid  be  a  strong  one,  like  sulphuric  acid  (Fig.  21)  the  curve  will 
rise  again  rapidly  in  a  nearly  straight  line.  If  the  acid  be  a  weak 
polybasic  one,  like  succinic,  the  curve  may  still  continue  falling 
slightly  on  the  acid  side  of  the  neulrai  point,  due  to  the  fact  that 
the  acid-salt  has  somewhat  lower  conductivity  than  the  neutral,  but 
the  slope  is  slight  compared  with  that  on  the  alkaline  side  of  the 
neutral  point,  and  the  point  is  plainly  marked  by  a  sharp  angle.  If 
the  Jtcid  be  so  weak,  however,  that  it  hydrolyzes,  so  that  its  normal 
salt  reacts  alkaline,  as  is  the  case  with  phosphoric  acid,  the  curve 
does  not  fall  straight  to  the  neutral  point  and  break  there,  but  bends 
gradually  (HjPOi,  Fig.  22),  and  without  breaking.  The  decrease 
in  the  number  of  OH'  ions  is  not  a  linear,  but  a  complex  function 
of  the  amount  of  acid  added,  and  they  do  not  disappear  until  an 
excess  of  acid  has  been  added.  In  acids  of  this  character,  the 
neutral  point  can  not  be  determined  accurately  by  either  conductivity 
ot  titration  with  phenolphthalein.  Sjoqvist^  working  with  hydro- 
lyzible  hydrochloric  acid  salts  of  albumin  employed  the  approximate 
method  of  determining  the  intersection  of  the  asymptote  of  the 
curve  on  the  acid  side  (corresponding  to  the  alkaline  in  our  case), 
with  the  horizontal  line  tangent  to  the  curve  at  its  minimum, 
assuming  that  the  abscissa  of  the  intersection  denoted  the  equivalent 
weight  of  albumin. 

The  work  of  former  investigators  has  shown  that  the  addition  of 
more  casein  to  a  sodium  caseinate  solution  neutral  to  phenolph- 
thalein does  not  appreciably  change  the  conductivity.  Instead  of 
the  curve's  rising  beyond  the  neutral  point,  as  in  the  case  of  sul- 
phuric acid,  or  falling  slightly,  as  in  the  case  of  succinic  acid,  it 
becomes  horizontal.     If  an  acid  sodium  salt  of  casein,  analogous  to 

'SHand.  Arch.  Physiol,  5:2?6.     1895. 
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NaHCOa,  is  formed,  this  acid  salt  has  apparently  the  same  con- 
ductive as  the  neutral  salt.     Apparently  the   (H  casein),"*    (Hj 

casein)"" ions  have  the  same  conductivity  as  the  (casein)" 

ion  (n^valence  of  casein  anion),  the  gain  or  loss  of  a  hydrogen 
atom  not  appreciably  affecting  the  velocity  of  the  excessively  large 
ami  complex  casein  anion. 

Laquciir  {liciir.  Client,  i'hysiol.  «.  I'athol.,  7:^73.  I'jos)  inciilions  tlic 
fad  that  increase  in  ilic  proportion  of  casein  in  a  solution  of  sodium 
cascinatc  neutral  to  phenol phthalcin  docs  not  appear  lo  change  the  con- 
ductivity, and  discusses  the  explanation  mentioned  above,  also  as  less  prob- 
able the  one  that  the  excess  casein  simply  dissolves  as  free  casein  in  the 
sodium  caseinate  solution. 

Tlic  constancy  of  the  conductivity  of  solutions  acid  to  phenolphthaleln 
is  shown  more  accurately  by  the  figures  of  Long  (/oar.  Amer.  Chem.  Soc, 
38:377.  '906),  although  he  does  not  call  attention  to  this  feature.  Re- 
arranging Long's  results,  so  as  to  make  this  point  clear,  we  have  the  fol- 
lowing table: 

N 

c.  c— tJaOH.  Reaction 

10                                                         Grams                  ConducHvity  to 

mlOOc.  c.                                                 casein.  xtO'  phenol phthnloio 

11.2!,  11334  fdkaline 

22,63 J  2,6  flOOa  J  noulral 

Is.O  1 1012  lacid 

ro.eZS  poo  r  alkaline 

11.25 (1,25  {561  Jneutral 

1 2.60  1 563  lucid 

(0.3126  |3S0  rolkallne 

S.fl2S )0.62S  ^310  neutral 

ll,26  l308  Laeid 

[0.1682  [200  lajkalins 

2,812 j  0,3125  I  173  \  neutral 


The  last  two  figures  of  each  trio  in  the  conductivity  column  agree  closely. 

From  the  above  discussion  it  is  apparent  that  if  casein  acts  as 
an  acid  witli  a  definite  neutral  point  correctly  indicated  by  phenolph- 
thaleln, as  was  apparently  considered  to  be  approximately  the  case 
by  Laqueur  and  Sackur,'  who  based  equivalent  and  molecular 
weight  determinations  upon  this  assumption,  we  should  expect  a 
neutralization  conductivity  curve  descending  in  a  straight  line  to 
the  neutral  point,'  and  there  breaking  and  becoming  horizontal. 

'  Beilr.   Chem,   Physiol,  u.  Pathol.,  3:193,      1903. 
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The  curve  actually  obtained  (Fig.  22)  is  concave  and 
gradually  approaches  the  horizontal  position  without  the  oc- 
currence of  a  break  at  any  point.  The  curve  reaches  its  minimum 
at  a  point  near  that  neutral  to  phenolphthalein,  but  it  does  not 
appear  that  this  point  indicates  the  normal  salt  any  more  than  the 
inininnmi  on  the  phosphoric  acid  curve  indicates  NajPO^.  It  in- 
dicates rather  tiic  presence  of  sufficient  excess  of  casein  to  depress 
tlie  amount  of  hydrolyticaljy  freed  NaOH  to  a  negligible  quantity. 
If  we  adopt  Sjoqvist's  method,  and  extend  the  asymptote  of  the 
upper  part  of  the  curve,  until  it  cuts  the  horizontal  line  tangent  at 
the  minimum  (dashed  lines  Fig.  22),  the  intersection  indicates  an 
equivalent  weight  of  casein  less  than  one-third  that  estimated  from 
the  point  neutral  to  phenolphthalein.  The  assumption  of  Laqueur 
and  Sackur's,  that  the  latter  indicates  approximately  the  true  equiva- 
lent weight  of  casein  is  not  confirmed.  It  does  not  appear  that  this 
can  be  ascertained  by  titration  with  acid-alkali  indicators  any  more 
than  can  that  of  phosphoric  acid,  altho  as  applied  by  Robertson'  it 
may  furnish  the  basis  of  a  convenient  empirical  method  for  quantita- 
tive estimation  of  the  proteid. 

EXPERIMENTAL. 

We    dissolved   varying   amounts   of  casein   in    11x1  cc.   of   ^    . 

100 
NaOH  and  determined  the  point  of  minimum  conductivity  by  the 
method  of  repeated  approximation,  finding  the  ]K>int  witliin  wide 
limits,  then  working  within  these  and  finding  narrower  hmits,  etc. 
The  methods  of  manipulation  in  agitating  casein  with  alkali  and  in 
measuring  conductivities  were  the  same  as  in  the  case  of  acids.  The 
solutions  were  thus  in  contact  with  the  electrodes  only  a  short  time, 
avoiding  chances  of  the  difficulty  mentioned  by  Laqueur.* 

We  obtained  the  following  results  graphically  expressed  in  Fig. 

22,  using  in  each  case  100  cc.  of  _    _  NaOH  with  the  amounts  of 

100 
casein  indicated. 


' Atn.  Jour,  Biol.  Chem.,  t'.^f?- 

'  Beilr.  Chem.  Physiol  «.  Pathol.  7:275.    igo6. 
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The  numbers  in  parentheses  are  graphically  interpolated  from 
the  curve,  and  correspond  to  t!ie  point  indicating  the  normal  salt, 
according  to  Sjoqvist's  roughly  approximate  method.  This  normal 
salt,  with  no  excess  of  casein  present,  appears  about  29  per  ct. 
hydrolyzed.  The  free  alkali  in  the  data  tabulated  below  this  in  the 
column  may  be  regarded  as  all  due  to  hydrolysis. 

The  per  ct  of  free  NaOH  in  the  third  column  is  calculated  by 
the  formula  usually  employed  for  hydrolysis  k,  x  +  (i — x)  k,^k, ; 
100  X  ^^  per  ct.  of  free  alkali ;  k;  =  conductivity  of  free  alkaH^=232 ; 
kj  =  conductivity  of  unhydrolyzed  sodium  caseinate  =  544 ;  k,= 
observed  conductivity  of  experimental  solution.  The  accuracy  of 
the  formula  depends  on  that  of  the  observation  brought  out  pre- 
viously that  the  equivalent  conductivities  of  the  neutral  and  various 
acid  sodium  salts  of  casein  are  tlie  same. 

The  view  that  the  sodium  sahs  of  casein  hydrolyze  was  held  by 
Laqueur  and  Sackur*  for  the  salts  acid  to  phenolphthalein.     Our 

'Beil.  Chem.  Physiol.  PalkoL,  3:194.    1903. 
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results  indicate  that  the  salts  even,  quite  alkaline  to  phenolphthalein 
hydrolyze  to  a  marked  degree. 

The  behavior  of  casein  salts  of  the  alkaline  earth  metals  has 
also  been  studied  by  W.  A.  Osborne*  with  the  conclusion  that  tliey 
hydrolyze. 

A  further  reason  for  placing  casein,  as  regards  its  acid  properties, 
in  a  class  with  phosphoric  acid,  is  the  similar  behavior  o£  the  two 
towards  various  indicators.  Phosphoric  acid  like  casein  gives  dif- 
ferent results  when  titrated  against  alkali  with  different  indicators. 
For  example,  10  cc.  of  a  given  solution  of  phosphoric  acid  was 
neutralized  to  methyl  orange  by  6.15  cc.  N-IO  KOH,  while  to  give 
a  perceptible  pink  with  phenolphthalein  11,20  cc.  were  required. 

Viewed  from  the  standpoint  indicated  by  our  results,  casein  acts 
as  a  very  weak  acid.  When  a  sufficient  excess  of  casein  is  present 
in  solution  (presumably  as  acid  casein  salts,  possibly  as  free  casein 
dissolved  in  sodium  caseinate  solution)  the  amount  of  hydrolytically 
freed  alkali  is  reduced  to  practically  zero,  and  the  solution  reacts 
neutral  to  the  delicate  indicator  phenolphthalein,  at  the  same  time 
showing  a  minimum  conductivity.  Due  to  the  weakness  of  its  acid 
properties,  a  considerably  greater  excess  of  casein  is  required  to 
render  the  solution  acid  enough  to  redden  litmus,  and  still  greater 
excess  to  neutrahze  to  methyl  orange. 

These  results  are  presented  as  preliminary  to  a  more  thorough 
investigation  of  the  problem. 

The  data   for   plotting  the   H.PO.   and  H,SO,   curves  are  taken   from 

Kohlrausch.*    The  data  for   succinic  acid  were  obtained  by  adding  to  a 

N 

solution  of  20  cc.  carbonate- free  --    KOH  in  a  conductivity  cell  successive 

portions  of  recrystallized  succinic  acid  dried  at  115°.  The  acid  was  weighed 
out  in  a  small  tube  and  portions  shaken  into  the  solution,  the  tube  being 
weighed  after  shaking  out  each  portion.  By  this  method  cumulative  error 
in  weighing  was  avoided.  As  one  equivalent  of  succinic  acid  weighed  hut 
it6  milligrama,  the  volume  change  caused  by  the  addition  was  negligible. 
The  following  data  were  obtained.    Temperature  ^  25°, 

'7oi*r.  Physiol,  37:398.    ipor. 
*  Leitvermogen  der  Elektrolyte. 
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For  courtesy  in  providing  iis  with  apparatus,  laboratory  and  materials 
for  tlie  above  experiment,  which  was  done  when  our  own  apparatus  was 
not   available,  we  wish   to  thank   Dr.   Lind,  of  the  University  of   Michigan. 
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COMMERCIAL  MISCIBLE   OILS  FOR  THE 

TREATMENT  OF  THE  SAN 

JOSE  SCALE.* 


p.  J.  PARROTT,  a  E.  HODGKISS  and  F.  A.  SIRRINE. 


SUMMARY. 

This  bulletin  contains  the  details  of  a  number  of  experiments  with 
commercial  miscible  oils  to  determine  their  merits  for  the  control 
of  the  scale.  This  work  was  conducted  in  three  orchards  in  which 
1368  trees  were  sprayed  with  these  preparations  in  varying  pro- 
portions. On  the  basis  of  these  tests  the  following  conclusions  are 
drawn : 

Applications  of  proprietary  miscible  oils  at  the  rate  of  one  part 
of  oil  to  twenty  or  twenty-five  parts  of  water  failed  to  give  uniform 
results  on  scale.  Trees  receiving  these  treatments  usually  showed 
more  or  less  spotting  of  the  fruit  and  varying  infestation  of  the 
new  growth. 

Miscible  oils  in  the  proportion  of  one  part  of  oil  to  ten  or  fifteen 
parts  of  water,  while  uniformly  more  destructive  to  the  scale  than 
the  weaker  preparations,  were  usually  not  quite  so  efficient  as  the 
boiled  lime-sulphur  wash.  These  stronger  applications  destroyed 
large  percentage  of  the  scales,  being  sufficiently  effective  to  maintain 
the  thriftiness  of  the  trees  and  to  keep  the  fruit  crop  fairly  clean. 
On  the  basis  of  these  results  even  the  better  ones  of  the  miscible 
oils  tested  should  not  be  used  in  weaker  mixtures  than  one  part  to 
ten  or  fifteen  parts  of  water, 

*A  reprint  of  Bulletin  Na  281. 

19  289 


izedbyGoOglC 


290     Report  of  the  Department  of  Entomology  of  the 

The  miscible  oils  are  commercial  insecticides  and  therefore  the 
orchardist  should  understand  that  the  reliability  of  the  stock  material 
rests  with  the  compounder.  These  sprays  are  simple  to  prepare  for 
use,  and  are  convenient  preparations  for  the  treatment  of  odd  trees 
and  small  orchards.  The  cost  of  the  miscible  oils  in  the  proportions 
of  one  part  to  ten  or  fifteen  parts  of  water  makes  their  use  almost 
prohibitive  for  commercial  orcbardists  who  desire  a  safe  and  com- 
paratively cheap  oil  spray.  Compounders  of  commercial  insecti- 
cides should  endeavor  to  produce  a  reliable  miscible  oil  that  is 
cheaper  than  present  brands. 

COMMERCIAL  MISCIBLE  OILS  FOR  TREATMENT  OF 
THE  SAN  JOSE  SCALE. 

Crude  and  refined  oils  are  among  the  most  penetrating  and  de- 
structive of  the  contact  insecticides,  but  as  ordinarily  employed  for 
spraying  purposes  they  must  be  used  with  much  caution  to  prevent 
the  applications  from  injuring  the  plant  while  destroying  the  insect. 
Rather  than  run  the  risks  of  injuries  to  his  trees  the  average  fruit- 
grower has  largely  avoided  clear  oils  for  orchard  treatment.  For 
these  reasons  a  safer  nietho<l  for  the  use  of  oils  in  this  capacity  has 
long  been  desireil.  To  meet  this  demam!  there  have  appeared  upon 
the  market  in  recent  years  a  niimtwr  o(  sprays  which  have  been 
designated  Miscible  Oils  or  Water- Soluble  Oils.  These  prepa- 
rations have  proprietary  names  and  are  known  as  Kil-o-Scale, 
Scalecide,  Target  Brand  Scale  Destroyer,  Surekill,  Water- Soluble 
Petroleum,  etc.  The  important  ingredients  in  the  more  efficient  of 
these  commercial  insecticides  are  oils  which  have  been  combined 
with  some  emulsifying  agent  to  facilitate  a  uniform  dilution  with 
water.  In  these  emulsion  preparations,  oils  are  usually  rendered 
safer  for  the  treatment  of  trees  while  retaining  much  of  their 
destructive  properties  upon  insect  life. 

The  commerial  miscible  oils  are  concentrated  liquids  and  cost  from 
50  cents  to  $1.25  per  gallon,  depending  on  the  quantity  purchased. 
The  preparation  of  the  mixture  for  use  is  simple.  The  directions 
on  the  container  usually  advise  the  operator  to  dilute  with  water 
using  one  gallon  of  the  miscible  oil  to  twenty  or  twenty-five  gallons 
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of  water,  and  then  to  stir  until  an  even  distribution  of  the  in- 
gredients is  secured.  The  prepared  spray  usually  contains  no  sedi- 
ment and  there  is  ordinarily  no  clogging  of  the  nozzles. 

EXPERIMENTS  WITH  MISCIBLE  OILS. 
Following  the  general  plan  adopted  by  the  Station  i(i  conducting 
tests  of  spraying  mixtures  for  the  control  of  the  scale,  separate 
blocks  of  apple,  peach,  pear  and  plum  trees  were  selected  for  treat- 
ment. All  the  trees  were  thrifty,  and,  while  they  were  not  usually 
incrasted,  the  scales  were  plainly  visible  upon  the  bark.  In  each  of 
the  plats  applications  of  miscible  oils  were  made  according  to  the 
printed  directions,  using  various  strengths;  and,  for  the  purpose  of 
determining  the  comparative  merits  of  the  respective  spraying  mix- 
tures, the  rows  immediately  adjacent  to  trees  receiving  the  oil  treat- 
ment were  sprayed  with  the  kerosene-limoid  mixture  and  the  sulphur 
washes.  The  miscible  oils  used  in  these  tests  were  Scalecide,  Kil-o- 
Scale  and  Surekill.  All  the  trees  were  sprayed  once  and  as  soon 
as  they  were  dry  were  treated  again  for  the  purpose  of  thoroughly 
covering  the  parts  imperfectly  coated  by  the  first  appHcation.  These 
tests  were  made  in  seven  orchards.  This  bulletin  contains  the  de- 
tails of  the  work  in  three  of  the  orchards  which  are  fairly  repre- 
sentative and  which  are  sufficient  to  indicate  the  trend  of  the  results 
of  the  experiments.  The  number  of  trees  in  these  three  orcliards 
sprayed  with  miscible  oils  is  1368,  divided  as  follows:  Orchard  I, 
45  trees;  Orchard  II,  46  trees;  and  Orchard  III,  1279  trees. 

DETAILS  AND  RESULTS  OF  EXPERIMENTS. 

ORCHARD  I. 

In  this  orchard  33  plums  of  ten  years  of  age  and  10  apples  of 
twenty-three  years  of  age  were  sprayed  with  Scalecide  or  Kil-o- 
Scale  at  the  rate  of  one  part  of  miscible  oil  to  either  fifteen  or 
twenty  parts  of  water.  The  applications  were  made  December  13, 
1905.  AU  trees,  especially  the  apples,  were  well  infested  with  the 
scale.  Blossoming  commenced  May  4  and  continued  till  May  16. 
A  number  of  trees  did  not  blossom.  This,  it  is  thought,  was  not 
attributable  to  the  treatment.  With  this  exception  the  appearance 
of  the  trees  was  normal. 

LL-i:uJly,V-J*.Jt.'yil^" 
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Results  on  scale:  Plums. —  On  June  17,  1906,  active  young  scale 
insects  were  detected  on  all  trees  with  the  exception  of  the  plums 
sprayed  with  the  sulphur  washes.  The  breeding  of  the  scale  con- 
tinued throughout  the  summer;  and  by  fall  the  worst  infested  trees 
tliat  had  received  treatment  with  Scalecide  and  Kil-o-Scale  had 
more  scales  than  in  the  previous  year.  On  the  moderately  infested 
trees  the  results  with  the  miscible  oil  compared  favorably  with  those 
obtained  by  the  sulphur  washes. 

Apples. —  On  May  4  an  examination  of  a  number  of  branches 
showed  that  about  one-half  of  the  scales  were  alive  on  trees  sprayed 
with  Scalecide  and  Kil-o-Scale,  the  applications  of  these  oils  proving 
much  less  effective  on  apples  than  on  plums.  There  was  also  some 
spotting  of  the  fruit  by  the  scale  on  the  trees  sprayed  with  the 
sulphur  washes  but  the  blemishes  were  much  less  abundant  and  less 
conspicious  than  on  the  apples  from  the  trees  sprayed  with  the 
miscible  oils.  Two  of  the  trees  sprayed  with  Scalecide  were  so 
badly  injured  by  the  scale  that  the  owner  cut  them  down  in  the 
fall  of  1906. 

ORCHARD  11. 

In  this  orchard  14  apple  trees  of  twelve  years  of  age,  24  plum 
trees  of  eight  years  of  age,  6  peach  trees  of  five  years  of  age,  and 
2  cherry  trees  of  five  years  of  age,  were  sprayed  with  either  Kil-o- 
Scale,  Scalecide  or  Surekill,  using  one  part  of  the  miscible  oil  to 
either  fifteen,  twenty  or  twenty-five  parts  of  water.  The  appli- 
cations were  made  on  April  23,  1906.  Every  tree  in  this  block  was 
well  infested  and  occasionally  one  was  much  incrusted. 

Results  on  scale. —  On  May  3  blossoming  commenced  which  was 
normal  for  all  trees  with  the  exception  of  two  plums  and  six  peaches 
which  showed  much  retardation  of  the  fruit  and  leaf  buds  by  the 
miscible  oils.  Three  of  the  injured  peaches  died  during  the  early 
summer.  On  June  22,  a  few  young  scales  were  found  on  plums 
sprayed  with  one  part  of  Scalecide  to  twenty  parts  of  water.  Two 
peaches  that  were  much  incrusted  with  the  scale  in  1905  showed, 
as  a  result  of  the  treatment  with  Scalecide  at  the  rate  of  one  part  to 
fifteen  parts  of  water,  hardly  any  evidences  of  larval  activity. 
During  the  summer  these  two  trees  produced  much  new  growth 
which  was  free  of  scale  throughout  the  season.     All  the  apples. 


New  York  Agricultural  Experiment  Station.        293 

peaches  and  cherries  sprayed  with  Scalecide  at  the  rate  of  one  part 
to  twenty  parts  of  water  were  so  badly  infested  that  resort  had  to 
be  made  to  summer  spraying  to  save  the  trees.  Kil-o-Scale  at  the 
strength  of  one  part  to  fifteen  parts  of  water  practically  destroyed 
the  scale,  as  there  was  very  little  evidence,  even  late  in  the  fall, 
of  larval  activity.  Preparations  of  Kil-o-Scale  in  the  proportions 
of  one  part  to  twenty  of  water  killed  a  large  percentage  of  the 
scales.  This  enabled  the  trees  to  make  a  good  growth,  and  they 
showed  only  a  slight  amount  of  infestation.  Surekill  was  less 
effective  in  this  experiment  than  either  Scalecide  or  Kil-o-Scale,  and 
apphcations  of  Surekill  at  rates  of  one  part  to  either  twenty  or 
twenty-five  parts  of  water  had  no  appreciable  effects  upon  the  scale, 
as  the  trees  sprayed  with  this  preparation  were,  at  the  end  of  the 
summer,  as  badly  infested  as  the  checks. 

ORCHARD  III. 
In  this  experiment  447  apple  trees  of  five  to  eight  years  of  age, 
384  pear  trees  of  seven  years  of  age,  and  448  peach  trees  of  five 
years  of  age,  making  a  total  of  1,279  trees,  were  sprayed  with 
Scalecide  during  April,  1906.  This  spray  was  used  at  two  strengths. 
One  lot  of  416  trees,  including  the  three  kinds  of  fruit,  was  sprayed 
with  one  part  of  the  miscible  oil  diluted  with  ten  parts  of  water  and 
another  lot  of  863  trees  was  treated  at  the  recommended  strength 
of  one  part  of  the  oil  to  twenty  parts  of  water.  The  orchards  were 
especially  adapted  for  the  purpose,  as  the  trees  have  been  given  good 
care,  and  were  dirifty  and  small  in  size.  In  the  past,  the  owner  has 
used  clear  oils,  mechanical  oil-emulsions,  kerosene-lime  wash  and  a 
small  quantity  of  the  sulphur  wash  to  control  the  scale.  This  pest 
has  been  present,  in  the  orchards  for  about  six  years.  The  infesta- 
tion varied  with  the  individual  trees  but  there  was  hardly  a  tree  that 
did  not  have  a  good  sprinkling  of  the  scale,  and  many  trees  in  each 
row  showed  more  or  less  incrustation.  In  this  experiment  the  rows 
immediately  adjacent  to  a  row  treated  with  Scalecide  were  sprayed 
with  kerosene-lime  wash  (15  per  ct,  or  30  per  ct.  oil)  and  the 
boiled  lime-sulphur  wash.  In  each  block  of  the  different  kinds  of 
fruit,  one  row  was  left  unsprayed  as  a  check. 

Results  on  scale. —  Many  scales  were  not  affected  by  the  treatment 
with  Scalecide,  using  one  part  diluted  with  twenty  parts  of  water. 
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Early  in  June  active  larvae  were  abundant  on  trees  receiving  this 
treatment.  An  examination  of  the  orchards  on  Aug.  15  showed 
that  the  trees,  especially  the  apples,  were  but  very  little  better,  on 
the  average,  with  respect  to  the  scale  than  the  checks.  Many  pears, 
and  some  apples,  were  too  much  spotted  with  scale  to  grade  as  firsts. 
Similar  conditions  with  rcsiwct  to  scale  existed  on  a  large  part  of  the 
trees  sprayed  with  kerosene-lime  wash  containing  15  per  ct.  of  oil. 
The  applications  of  Scalccide  containing  one  part  to  ten  parts  of 
water  showed  some  variation  in  their  effects  upon  scale.  Some  of 
the  treatments  were  quite  as  effective  as  the  sulphur  washes,  while 
others  were  noticeably  less  efficient.  There  was  hardly  a  tree  that 
did  not  show  more  or  less  living  scale  at  the  base  of  the  new  growth. 
Likewise  there  was  more  or  less  spotting  of  the  fruit,  especially  of 
the  pears,  but  on  the  whole,  the  scale  was  sufficiently  controlled  by 
the  10  per  ct.  miscible  oil  to  maintain  the  thriftiness  of  the  trees 
and  to  insure  the  production  of  fairly  clean  fruit.  Tiie  trees  sprayed 
with  the  sulphur  washes,  while  showing  more  or  less  evidence  of 
living  scales,  had  their  new  growth  more  uniformly  free  of  scale  and 
the  fruit  comparatively  clean.  The  results  on  fruits  were  especially 
marked  in  the  case  of  the  pears,  for  the  sulphur -treated  trees  pro- 
duced a  remarkably  clean  crop  while  the  yield  from  the  trees  sprayed 
with  10  per  ct.  miscible  oil  showed  more  or  less  spotting  by  the  scale. 

SUMMARY  OF  RESULTS. 
Fall  applicalions  of  Scalccide  and  Kil-o- Scale  in  the  proportions 
of  one  part  to  cither  fifteen  or  twenty  parts  of  water  caused  no 
appreciable  injuries  to  fruit  or  leaf  buds.  The  effectiveness  of  these 
preparations  upon  the  scales  was  variable.  On  the  moderately  in- 
fested plum  trees  the  numbers  of  the  scales  destroyed  by  the  sprays 
in  these  proportions  compared  favorably  wilh  the  results  obtained 
by  the  sulphur  washes,  while  badly  infested  plum  and  apple  trees 
receivc<l  very  little  benefit  by  siiiiilar  applications  of  the  commercial 
preparations.  In  the  tests  conducted  in  the  spring,  applications  of 
one  part  of  Scalccide  to  twenty  parts  of  water  usually  failed  to 
control  the  scales,  but  when  this  hpray  was  used  in  stronger  mix- 
tures, of  one  i>art  to  either  ten  or  fifteen  parts  of  water,  the  new 
growth  and  fruit  of  the  trees  were  kept  quite  clean.    One  applica- 
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rion  of  a  sulphur  wash  was  usually  more  effective  than  one  applica- 
tion of  a  miscible  oil  in  either  of  these  proportions.  In  one  test 
Kil-o- Scale  at  the  rate  of  one  part  to  twenty  parts  of  water  proved 
more  effective  than  a  mixture  of  Scalecide  in  the  same  proportions, 
but  on  the  whole  there  was  very  little  difference  in  the  relative 
effectiveness  of  these  sprays  when  the  amount  of  dilution  was  the 
same.  Surckili  applicil  as  reconinien<led  had  no  appreciable  effects 
upon  the  scales. 

CONCLUSIONS. 

Applications  of  proprietary  miscible  oils  at  the  rate  of  one  part 
of  oil  to  twenty  or  twenty-five  parts  of  water,  as  recommended  in 
the  printed  directions,  did  not  give  uniform  results  on  the  scale. 
Trees  sprayed  with  these  strengths  in  the  fall  or  in  the  spring 
usually  showed  more  or  less  spotting  of  the  fruit  and  varying 
infestation  of  the  new  growth.  Ordinarily  not  enough  scale  was 
destroyed  by  the  miscible  oils,  in  these  proportions,  to  warrant  a 
fruit-grower  taking  chances  on  the  trees,  unless  supplementary  sum- 
mer or  fall  treatments  are  to  be  made.  The  treatments  were  usually 
much  more  effective  on  trees  that  were  slightly  infested  than  on 
those  showing  incrustation  of  the  scale.  Surekill  was  the  least 
efficient  of  the  miscible  oils  that  were  tested. 

Applications  of  a  miscible  oil  in  the  spring  at  the  rate  of  one  part 
of  oil  to  ten  or  fifteen  parts  water,  while  uniformly  more  destruc- 
tive to  the  scale  than  the  weaker  preparations,  were  usually  not 
quite  so  effective  as  the  sulphur  washes.  Preparations  of  miscible 
oils  in  these  proportions  killed  enough  of  the  scale  to  maintain  the 
vigor  of  the  trees  and  to  secure  fairly  clean  fruit  yields. 

DIRECTIONS  FOR  USING  MISCIBLE  OILS. 
On  the  basis  of  these  experiments  it  is  evident  that  the  miscible 
oils  tested  must  be  used  stronger  than  is  recommended  by  their 
compounders  to  obtain  satisfactory  results  on  the  scale.  There- 
fore instead  of  using  one  part  of  oil  to  twenty  or  twenty-five  parts 
of  water  the  orchardist  is  advised  to  use  at  least  one  part  of  the 
miscible  oil  to  ten  or  fifteen  parts  of  water.  Before  measuring  out 
the  required  quantity  from  its  container,  vigorously  stir  or  shake 
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the  miscible  oil  to  secure  a  thorough  distribution  of  its  ingredients. 
The  failure  to  follow  the  directions  in  this  respect  is  undoubtedly 
responsible  for  some  of  the  poor  results  with  these  preparations. 
Before  making  applications,  the  oil  and  water  should  be  well  mixed 
by  the  spraying  agitator.  Spray  in  the  spring  as  the  buds  are 
swelling,  during  a  period  of  clear  weather  when  the  trees  are  dry. 
The  applications  must  be  thorough  so  that  all  paris  of  the  trees  are 
completely  wet  with  the  spray.  If  the  base  of  the  new  growth 
should  during  the  summer  show  quite  a  little  infestation,  then  spray 
again  in  the  fall  as  soon  as  the  majority  of  the  leaves  have  fallen. 
Spraying  in  the  fall,  especially  of  peaches  and  plums,  is  usually  not 
advisable  because  of  the  risk  of  injury  to  fruit  buds.  But  rather 
than  run  the  chances  of  the  continuation  of  mjuries  by  the  late 
breeding  of  the  scale  or  the  neglect  of  the  treatment  in  the  spring, 
fall  spraying  is  advised,  as  the  increased  vigor  and  usefulness  of 
the  trees  arising  from  the  control  of  the  scale  will  more  than  com- 
pensate for  probable  losses  m  fruit  yields. 

The  miscible  oils  are  commercial  insecticides  and  therefore  the 
orchardist  should  understand  that  the  reliability  of  the  prepara- 
tions rests  solely  with  the  compounder.  These  sprays  are  simple 
to  prepare  and  they  are  discharged  from  the  nozzle  as  an  even 
mist,  as  there  is  usually  no  sediment  or  closing  of  the  nozzle 
apertures-  At  a  price  of  fifty  cents  a  gallon  for  the  stock  material, 
miscible  oil  in  the  proportions  of  one  part  to  ten  parts  of  water 
will  cost  about  $2.50  per  barrel  of  fifty  gallons  which  is  about  five 
times  the  cost  of  the  raw  materials  for  making  one  barrel  of  a 
sulphur  wash.  Because  of  the  ease  in  which  they  may  be  prepared 
for  use,  they  are  convenient  sprays  for  the  treatment  of  a  few 
trees  and  of  small  orchards.  The  cost  of  the  miscible  oils  in  the 
proportions  of  one  part  to  ten  or  fifteen  parts  of  water  makes  their 
use  almost  prohibitive  for  commercial  orchardists  who  desire  a  . 
safe  and  comparatively  cheap  oil  spray.  Compounders  of  commer- 
cial insecticides  should  endeavor  to  produce  a  reliable  miscible  oil 
that  is  cheaper  than  present  brands,  as  there  is  demand  for  an 
efficient  and  economical  spray  that  may  be  prepared  for  use  with 
greater  ease  than  some  of  the  present  remedies. 
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THE  APPLE  AND  PEAR  MITES." 


p.  J.  PARROTT,  H.  E.  HODGKISS  and  W.  J.  SCHOENE. 


SUMMARY. 

This  bulletin  is  a  preliminary  treatise  upon  the  Eriophyidae,  a 
group  of  plant-inhabiting  mites  of  increasing  economic  importance, 
in  which  special  attention  is  given  to  the  species  thriving  upon  the 
apple  and  the  pear.  This  investigation  was  undertaken  because  of 
the  appearance  of  the  leaf  blister-mite  upon  apple  foliage,  and  its 
widespread  distribution  in  destructive  numbers  in  the  apple  orchards 
of  Ontario,  Orleans,  Wayne  and  Niagara  counties. 

In  the  study  of  the  mites  upon  apple  and  pear  leaves,  five  species 
have  been  recognized,  which  are  Eriophyes  maiifoliae  Parr., 
Eriophyes  pyri  (Pgst.)  Nal.,  Eriophyes  Pyri  var.  variolata  Nal., 
Phyllocopies  schlechtendali  Nal.,  and  Epitrimerus  pyri  Nal.  With 
the  exception  of  the  former,  which  is  new,  these  species  were  first 
recorded  from  Europe.  Eriophyes  Pyri  (Pgst.)  Nal.,  known  as  the 
leaf  blister-mite,  is  the  most  abundant  species  and  is  responsible  for 
the  conspicuous  injuries  to  apple  foliage. 

The  leaf  blister-mite  is  a  small,  vermiform,  four-legged  animal, 
about  one  one-hundred  and  twenty-fifth  of  an  inch  in  length  and 
hardly  visible  to  the  unaided  eye.  It  hibernates  in  the  buds  and 
with  the  maturing  of  the  bud  scales  seeks  the  tender  leaves,  which 
it  punctures,  producing  light  green  and  reddish  pimples.  These 
develop  into  galls  or  blisters  of  a  blackish  or  reddish  brown  color, 
depending  on  the  kind  and  the  variety  of  fruit.  Besides  the  pear 
and  the  apple,  the  mite  attacks  the  service  berry,  the  common 
cotoneaster,  the  white  beam  tree,  and  the  mountain  ash.  It  is  an 
important  pest  of  the  pear  in  nurseries  and  of  apple  and  pear 
orchards. 

•A  reprint  of  Bulletin  No.  283 

D,g,;,zeclbyG00gIC 


298     Report  of  the  Department  of  Entomology  of  the 

Nursery  stock  is  commonly  infested;  and,  when  the  mite  is  abun- 
dant, pear  foliage  is  much  discolored,  and  the  young  trees  may  be 
stunted  through  the  destruction  of  the  terminal  leaves  of  the  new 
growth.  The  appearance  of  the  mite -for  successive  years  in  the 
nursery  is  due  to  methods  of  budding.  The  experiments  to  control 
the  mite  in  nurseries  are  not  completed,  but  it  is  believed  that  the 
pest  can  be  eliminated  from  the  nursery  by  the  selection  of  buds 
from  clean  stock,  and  by  the  fumigation  of  budding  sticks. 

In  the  experiments  upon  apple  trees  comparative  tests  have  been 
made  with  kerosene  oil,  miscible  oil,  kerosene  emulsion,  whale  oil 
soap  and  the  sulphur  washes ;  and  of  these  sprays,  kerosene  either 
clear  or  emulsified,  and  the  miscible  oil,  proved  the  most  efficient 
remedies  for  the  mite.  Because  of  its  safe  qualities  and  cheapness, 
kerosene  emulsion,  diluted  with  five  parts  of  water,  applied  during 
the  dormant  season,  appears  to  be  the  most  practical  remedy  for  the 
spraying  of  apple  orchards,  when  treatment  is  advisable.  The  mite 
may  be  efficiently  controlled  upon  pear  trees  by  careful  pruning 
and  by  spraying  during  the  late  fall  or  early  spring  with  kerosene 
emulsion,  miscible  oils  or  the  sulphur  washes.  The  mite  is  much 
more  readily  controlled  upon  pear  trees  than  upon  apple  trees. 
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INTRODUCTION. 

The  apple  has  many  insect  enemies,  and  hardly  a  year  passes  but 
that  a  species  develops  in  sufficient  numbers  to  alarm  the  fruit- 
growers of  this  State.  The  rapid  rise  of  a  common  insect,  from 
comparative  obscurity  to  a  position  of  first  prominence  within  one 
season,  followed  in  turn  by  its  almost  complete  disappearance  in  as 
short  an  interval  of  time,  is  one  of  the  most  interesting  phases  of 
animal  life.  Insects  are  especially  capricious  and  their  behavior 
in  this  respect  is  not  entirely  unexpected;  but  that  a  mite  which 
had  no  reputation  in  this  capacity  and  whose  presence  was  entirely 
unsuspected,  and  not  an  insect,  should  so  completely  overrun  our 
apple  orchards  brings  surprise  to  many  fruitgrowers.  This  mite 
has  been  on  the  increase  during  the  past  four  years,  and  by  its 
abundance  and  its  conspicuous  work  on  apple  foliage,  has  caused 
quite  a  little  apprehension  among  apple  growers.  Added  interest 
has  been  given  to  the  progress  of  this  creature  because  of  the  grow- 
ing importance  of  spray  injuries,  with  which  the  work  of  the  mite 
has  been  confused.  In  conducting  the  investigation  to  determine 
the  cause  and  means  of  prevention  of  the  peculiar  diseased  condi- 
tions of  apple  leaves  it  was  found  necessary  to  include  the  pear,  as 
several  species  of  mites  are  common  to  both  fruits. 

In  the  study  of  the  mites  subsisting  upon  apple  and  pear  leaves, 
four  species,  all  of  foreign  origin,  have  been  distinguished,  the  more 
important  being  Eriophyes  pyri  (Pgst.)  Nal.,  long  recognized  as  a 
destructive  pest  of  the  pear.  This  group  of  pi  ant- inhabiting  mites 
is  little  understood,  and  that  there  may  be  a  greater  appreciation 
of  them,  especially  of  the  species  under  discussion,  an  introductory 
review  is  given  of  the  Eriophyidae  as  a  preliminary  to  a  more  ex- 
tensive treatise. 

Special  acknowledgments  are  due  to  Dr.  Alfred  Nalepa,  of 
Vienna,  who  has  verified  all  the  determinations  and  has  furnished 
copies  of  his  valuable  monographs  upon  the  Eriophyidae,  which 
have  been  freely  consulted.  Prof.  J.  H.  Comstock  of  Cornell  Uni- 
versity has  kindly  given  much  advice  upon  methods  of  making  per- 
manent mounts  and  has  allowed  the  use  of  his  library  for  reference 
purposes.  Dr.  Karl  Rechinger,  Vienna,  and  Mr.  Edward  T,  Con- 
nold,  St.  Leonarils-on-Sca,  England,  contributed  a  number  of  pho- 
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tographic  prints  and  mounted  specimens,  illustrating  the  work  of 
Eriopkyes  pyri  upon  its  various  host  plants.  For  the  determina- 
tion of  various  species  of  Gamasidae  we  are  indebted  to  Dr.  L,  O. 
Howard,  of  the  U.  S.  Bureau  of  Entomology. 

THE  MITES. 
The  mites  belong  to  the  Acarina  which  constitutes  an  order  of 
the  class  Arachnida.  Related  forms  are  the  true  spiders,  daddy- 
legs  and  scorpions.  Because  of  their  unattractive  appearance  and 
habits,  and  obscure  structural  characters,  they  have  not  been  of  the 
popular  interest  that  obtains  with  the  insects.  To  the  average  per- 
son, they  are  practically  unknown.  Nevertheless,  they  are  common 
and  abundant.  Banks  states  that  about  three  hundred  and  fifty 
species  are  recorded  from  this  country  where  a  thousand  or  more 
probably  exist.  A  large  number  of  the  mites  play  an  important 
role  in  human  economy.  Among  the  more  prominent  species  are 
the  cattle  tick,  the  leaf  blister-mite,  the  red  mite,  and  the  chicken 
mites,  all  of  which  are  first  class  pests.  Some  of  the  mites  find 
their  subsistence  upon  animals  and  others  thrive  upon  plants.  One 
of  the  important  groups  of  plant-feeders  is  the  Eriophyidae  which 
contains  the  species  mentioned. 

THE  ERIOPHYIDAE. 

STRUCTURE, 

The  mites  included  in  this  family  are  small  four-legged  animals 
01  a  vermiform  shape,  that  are  hardly  visible  to  the  unaided  eye. 
They  vary  in  size  according  to  the  species.  The  female  of  Eriaphyes 
mentharius  Can.,  which  is  one  of  the  largest  known  mites,  is  310 
microns  (one-eightieth  of  an  inch)  long,  while  the  female  of  the 
Eriophycs  parvulus  Nat.,  the  smallest  known  species,  is  100  microns 
(one  two  hundred  and  fiftieth  of  an  inch)  long.  The  body  has  two 
distinct  parts:  The  anterior  which  is  broad  and  short,  and  which 
consists  of  a  head  fused  with  a  thorax,  and  is  known  as  the  cephalo- 
thorax;  and  the  posterior  or  abdomen,  which  is  much  longer,  and 
is  annulated  and  tapering. 

The  head  appears  as  a  pointed  snout  which  is  bent  and  directed 
downwards.    This  contains  two  minnte  slender  stylets,  called  man- 
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dibles,  which  serve  for  puncturing.  On  each  side  of  the  rostrum 
there  is  a  three-jointed  maxillary  palpus  used  as  an  antenna.  The 
second  segment  of  the  palpus  has  on  its  dorsal  side  one  hair.  Close 
to  the  rostrum  there  are  two  pairs  of  legs,  one  pair  to  a  side,  which 
are  of  similar  size  and  shape.  These  project  forward  and  are  five 
segmented.  A  few  small  hairs  are  usually  present  on  all  but  the 
basal  segment,  which  are  constant.  Segment  2  has  a  short  fine 
hair,  segment  3  has  a  long  stiff  hair,  and  segment  5  has  one  long 
hair  on  the  outer  margin  and  a  small  one  on  the  inner  margin.  The 
apical  segment  also  has  a  small  cylindrical  claw  which  is  sometimes 
swollen  at  the  tip.  Beneath  the  claw  is  a  plumose  hair,  called  a 
feathered  hair,  which  ordinarily  has  four  or  five  rays.  In  the  region 
about  the  base  of  the  rostrum  and  between  the  legs  are  three  pairs 
of  hairs,  known  as  thoracic  setae  1,2,  3,  respectively.  The  dorsum 
of  the  cephalothorax  has  one  pair  of  hairs,  the  dorsal  setae,  and  is 
often  marked  with  sculptural  designs  which  afford  important  taxo- 
nomic  characters. 

The  abdomen  is  cylindrical  and  is  transversely  striated,  giving 
the  appearance  of  narrow  rings.  The  number  of  striae  may  vary 
with  the  species.  With  some  species  the  body  is  evenly  ringed  all 
round,  and  in  others  the  number  of  rings  on  ventrum  is  larger  than 
on  dorsum.  Between  the  rings  are  frequently  small  tubercles 
which  are  only  apparent  when  highly  magnified.  At  the  extremity 
of  the  abdomen  are  two  semicircular  flaps,  which  may  be  at  will 
brought  closely  together  or  withdrawn,  and  which  serve  for  pur- 
poses of  grasping  and  locomotion.  Below  the  flaps  is  the  anal  open- 
ing. The  genital  openings  are  situated  on  the  ventral  surface  of 
the  abdomen  close  to  the  thorax.  In  the  female  the  external  por- 
tion, the  epigynium,  consists  of  two  parts,  a  semicircular  opening 
with  a  raised  chifinous  margin  and  a  flaplike  cover,  while  that  of 
the  male,  the  epiandrium,  is  smaller  and  appears  as  a  simple  open- 
ing, sometimes  arched  shape,  with  thickened  margins.  On  the 
dorsum  of  the  abdominal  flaps  there  are  two  long  whiplikc  bristles, 
the  caudal  setae,  and  usually  two  accessory  hairs  which  are  short 
and  stiff.  The  abdomen  has  five  other  pairs  of  bristles.  One  pair 
is  at  the  sides  of  the  genital  opening  and  is  known  as  the  genital 
setae.  Near  the  margin  of  the  body,  beyond  the  genital  opening, 
is  one  pair  of  lateral  setae.    The  remaining  pairs  are  also  on  ventral 
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surface  and  are  known  as  ventral  setae.  Ventral  setae  (i)  are 
always  the  longest,  ventral  setae  (3)  are  usually  very  short,  and 
ventral  setae  (3)  are  as  a  rule  longer  than  (2)  and  are  on  the  fiftH 
or  sixth  ring  from  the  end  of  the  abdomen. 

LIFE  STAGES. 
The  eggs  of  mites  are  round,  elliptical  or  oval,  and  have  a  thin 
delicate  chitinous  covering.  They  are  whitish  or  yellowish  in  color, 
and  are  quite  large  compared  with  the  size  of  the  parent..  The 
young  larvae  are  similar  in  appearance  to  the  adults  and  are  dis- 
tinguished from  them  only  by  their  smaller  size,  the  less  number 
of  the  setae,  and  the  absence  of  the  external  parts  of  the  genital 
organs.  The  nymph  shows  a  further  approach  to  the  adult  size  and 
a  greater  development  of  the  genital  organs. 

HABITS. 

The  Eriophyidae  are  plant  feeders  and  for  the  most  part  confine 
their  operations  to  the  buds  and  leaves.  Many  mites  cause  excres- 
ences  or  galls  and  other  deformities  on  the  parts  of  the  plant  at- 
tacked, in  which  they  find  their  habitation  and  subsistence,  while 
others  live  as  inquiUnes  in  the  galls  of  other  species  or  are  vagrant, 
showing,  with  the  exception  of  such  forms  as  the  citrus  mite  and 
peach  leaf  mite,  little  or  no  evidences  of  their  feeding.  The 
growths  due  to  the  work  of  mites  were  divided  by  Thomas*  into 
Acrocecidii  and  Pleurocecidii.  Under  the  former  are  included  ab- 
normal swelling  of  the  buds  and  irregular  bud  growth.  To  the  latter 
belong  leaf  galls,  leaf  blisters,  folding  and  rolling  of  the  leaves, 
unnatural  coloring  and  chlorosis  of  the  leaves.  These  hypertrophies 
of  plants  puzzled  early  investigators,  who,  little  understanding  the 
work  of  mites,  classified  the  growths  according  to  their  form  for 
convenience  of  reference.  Among  the  more  important  genera  estab- 
lished on  this  basis  were  Taphrina.  Erincum  and  PhyUcrium  for 
abnormal  hairy  or  fuzzy  growths,  VolvoUfcx  for  rolled  edges  of 
leaves,  and  Cephaloncon  for  distinct  galls.  These  terms  were  com- 
monly employed  in  the  early  literature  upon  mites. 

'Thoma*  F,    Zttchr.  Natural.,  49:513.    1873. 
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HISTORY  OF  FAMILY. 

The  mites  were  first  discussed  in  a  vague  manner  by  Reaumur' 
in  1737,  who  apparently  observed  some  specimens  of  a  mite,  now 
known  as  Eriophyes  Hliae,  in  galls  upon  the  leaves  of  the  lime 
tree.  Later  Turpin'  examined  the  same  species  and  named  it  Sar- 
coptes  gallarttm  ttliae.  In  1834  Duges*  mentioned  the  observa- 
tions of  Turpin  upon  this  species  and  expressed  the  opinion  that 
the  mites  were  larval  forms  of  Dermanyssus,  beHeving  that  all  adult 
Acarina  never  possess  less  than  four  pair  of  legs,  Siebold*  in 
1850  considered  the  mites  as  larvae,  and  suggested  that  they  possi- 
bly propagated  asexually  and  that  the  adult  form  was  yet  to  be 
found.  He  provisionally  employed  the  term  Eriophyes  to  designate 
these  creatures.  During  1851  Dujardin"  established  the  genus 
Phytoptus  for  two  forms  of  mites  upon  linden  and  willow  respec- 
tively, which  he  characterized  as  possessing  only  two  pair  of  legs, 
an  annulated  abdomen  and  degenerated  mouthparts.  Dujardin 
detected  ova  in  the  abdomen  and  considered  the  mites  adult  forms. 
The  true  nature  of  the  adult  mite  was  conclusively  shown  by  Lan- 
dois*  in  1864,  after  a  careful  study  of  the  mite,  Eriophyes  vitis,  an 
important  pest  of  the  grape.  This  group  of  mites  has  long  been 
known  as  Phytoptidac  which  was  formed  on  the  genus  Phytoptus 
of  Dujardin,  but  lately  writers  have  accepted  Eriophyes  (Siebold) 
which  has  one  year's  priority. 

SYNOPSES  OF  GENERA. 

The  following  synopses,  which  are  based  on  Nalepa's  descrip- 
tions, give  the  essential  characters  of  the  genera  and  serve  for  their 
identification.  In  point  of  numbers,  Eriophyes  is  the  most  import- 
ant genus,  followed  in  order  by  Phyllocoptcs,  Epitrimeriis,  Oxy- 
picurilcs  and  Tcgonohis,  which  include  all  ai  the  known  species 
recorded  in  the  United  States. 

'MOmoirc'S  "<iiir  scrvir  a  I'hist.  des  Inscctcs.      Paris.  17,17,  iii:  pp.  423-511, 
■Floricp's    Nofiien,  Weimar,  47*."^.     1836- 
*Ann.  Sri.  Nat.  Zool.,  Paris,  1854.  P-  "M- 

'  Achtundzwangistcr     Jahresber.    d.    schlesischen    Ges.    f.    vaterl.    Cultur, 
Breslait,  1850,  Zweite  Bcr.  iiber  die  Arb.  A.  entotnolog.     Section,  S,  88-89, 
•  Ann.  Sd.  Nat.  Zool  Paris,  1851.  p.  166. 
'Zttchr,  wilt.  Zool,  Wiii'^    tSS*. 
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ERioPHyES  (Sieb.)  Nal.— Dorsum  and  ventrum  of  abdomen  witb  about  the 
same  number  of  striic  Ventrum  always  punctured.  Dorsum  usually 
punctured,  seldom  partly  or  entirely  smooth.  Abdomen  cylindrical, 
vermiform  or  slightly  fusiform,  seldom  conspicuously  wide  behind 
shield. 

MoNOCHETUs  Na!.—  Similar  to  Eriophyes,  with  a  longitudinal  furrow  on 
dorsum  of  abdomen. 

Phvllocoptes  Nal. —  StriK  numerous  and  narrow,  seldom  broad,  gradually 
becoming  narrower  towards  end  of  abdomen.  Annulation  of  posterior 
portion  of  abdomen  not  distinct  from  remainder  of  abdomen.  Dorsum 
smooth,  not  usually  punctured.  Ventrum  with  narrow  strix,  always 
punctured. 

Anthocoftes  Nal. —  Anterior  portion  of  dorsum  of  abdomen  with  few 
broad  stria:,  not  punctured;  posterior  part  with  narrow  strix.  Ventrum 
always  punctured,  with  many  narrow  strix. 

Tegonotus  Nal. —  Dorsum  of  abdomen  ridged  and  highly  arched;  »Uix 
with  toothlike  projections  on  median.     Ventrum  flattened,  punctured, 

Epitrimeeus  Nal— Abdomen  behind  shield  broad  with  two  longitudinal 
furrows  on  dorsum,  highly  arched.  Striae  on  dorsum  narrow,  numer- 
ous, smooth  or  punctured. 

OxYFLEURiTES  Nal, —  Fcw  or  all  of  stria:  on  dorsum  with  tooth  or  spine 
like  projections  on  side.  Abdomen  much  ridged  or  arched  at  the 
middle,  with  flattened  sides.  Shield  large  with  anterior  margin  much 
extended. 

Callyntbotus  Nal. —  Dorsum  of  abdomen  with  longitudinal  rows  of  short 
spine-like  projections.    Ventrum  punctured,  with  narrow  strije. 

Paraphvtoptus  Nal. —  Dorsal  and  ventral  strix  on  anterior  portion  of 
abdomen  similar.  Posterior  strix  on  dorsum  much  broader.  Anterior 
part  of  abdomen  similar  to  Eriophyes,  and  posterior  part  resembling 
Phyllocoptes. 

LIST  OF  AMERICAN  SPECIES  AND  HOST  PLANTS. 

(i)  Eriophyes  tkuj'ae  Garman. 

Occurs  on  the  leaves  of  the  American  arbor  vitae,  Thuja 
occidcnlalis  L. 

(2)  Eriophyes  salicicola  GarmSin. 

This  mite  thrives  on  the  leaves  of  Salix  iongifolia  Mulil., 
producing  a  narrow  longitudinal  upward  fold,  which  extends  down 
the  entire  length  of  the  leaf. 

(3)  Cccidobia  (?)  salicicola  Banks, 

On  willow  from  Colorado,  The  mite  is  responsible  for  galls 
which  extend  a  little  above  both  surfaces  of  the  leaf. 
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(4)  Eriophyes  querci  Garman, 

Produces  galls  on  the  leaves  of  the  bur-oak,  Quercus  macro- 
carpa  Michx. 

(5)  Eriophyes  utmi  Garman. 

Produces    galls   on    the   leaves    of   the    white   elm,    Ulmus 

(6)  Eriophyes  abnormis  Garman. 

Found  on  the  American  linden  or  basswood,  Tilta  amcr- 
icana  L.,  causing  top-shaped  galls  on  the  leaves.  The  galls  are 
similar  to  Ceraloneon  extensum  Bremi  on  Tilia  plalyphyllos  Scop,, 
produced  by  Eriophyes  tiliae  (Pgst.)  Nal.,  which  is  common  in 
Central  Europe. 

(7)  Eriophyes  acericola  Garman. 

Causes  fusiform  galls  on  the  leaves  of  the  sugar  maple,  Acer 
saccharum  Marsh,  The  galls  resemble  Ceraloneon  vulgare  Bremi, 
produced  by  Eriophyes  macrorhynckus  Nal.  on  Acer  pseudoplatanus 
L.,  growing  in  Europe. 

(8)  Phyllocoptes  quadripes  Shimer. 

Produces  spherical  galls  on  the  leaves  of  soft  maple,  Acer 
saccharinum  L.,  and  is  a  species  of  growing  importance  to  shade 
trees.  The  galls  are  similar  to  Cephaloneon  sotitarum  Bremi.  In 
Central  Europe  Eriophyes  macrochelus  Nal.  makes  similar  galls 
on  Acer  campestre  L. 

(9)  Eriophyes  vitis  Landois. 

Attacks  the  grape,  Vitis  vinifera  L,,  and  is  a  serious  pest  in 
Central  Europe,  Italy  and  California.  It  is  responsible  for  Phyl- 
lerium  vitis  Fries,  which  occurs  on  grape  foliage. 

(10)  Eriophyes  pyri  (Pgst.)  Nal. 

A  common  pest  on  the  leaves  of  apple,  Pyrus  tnalus  and 
pear,  Pyrus  communis  L,  in  Europe  and  the  United  States, 

(11)  Phyllocoptes  schlcchtcndali  Nal, 

On  Pyrus  maius  L.,  and  Pyrus  communis  L.,  in  Central 
Europe  and  is  very  common  on  apple  foliage  in  the  United  States. 

(12)  Epitrimerus  Pyri  tJit 

On  foliage  of  pear,  Pyrus  communis  L,,  in  Central  Europe 
and  the  United  States. 

ao  r      ...  I.,  v.tnts^lc 
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(13)  Eriopkycs  pruni  Schoene,  (in  MS.) 

Produces  galls  on  the  leaves  of  the  wild  plum,  Prunus 
aviericana  Marsh.  This  species  has  been  confused  with  E.  padi 
Nal.,  but  it  differs  from  the  latter  in  that  the  accessory  setae  are 
present.  The  galls  are  similar  to  Ceraloneott  attenuatum  Bremi, 
caused  by  Eriopkycs  padi  Nal.  on  Prunus  padus  L. 

(14)  Eriopkycs  phloeocoptcs  Nal, 

On  Prunus  domcslica  L.,  in  Central  Europe,  Italy  and  the 
United  States.  The  mites  cause  roundish  galls  at  the  base  of  buds 
and  new  growth.  It  is  said  to  reduce  the  size  of  the  fruit  and  crop 
production. 

(15)  Phyllocoptes  comutus  Ba-nks. 

On  peach,  Amygdalus  pcrsica  L.  This  species  lives  free  on 
peach  leaves  and  occurs  in  the  Eastern  States.  The  mite  is  said 
to  produce  a  sort  of  a  silvery  sheen  upon  the  leaf  which  is  readily 
iHscernible  when  the  light  in  shining  on  it. 

(16)  Eriopkycs  fra.rini  Garman. 

Produces  depressed  wart-like  galls  on  the  leaves  of  the 
green  ash,  Fraxinus  viridis  Michx. 

(17)  Eriopkycs  gossypii  Banks. 

Foimd  upon  cotton  in  the  West  Indian  Islands  where  it  is 
very  destructive.  The  mite  causes  galls  which,  when  abundant, 
make  the  leaves  unshapely.  Severe  infestation  seriously  affects  the 
value  of  the  cotton  crop. 

(18)  Eriopkycs  oleivorus  Ashmead. 

Attacks  the  orange  and  the  lemon  and  is  a  destructive  pest 
of  these  fruits  in  Florida  and  California.  It  is  popularly  known  as 
the  rust  mile  because  of  the  russetted  appearance  of  the  fruit,  at- 
tending the  injuries  by  the  mite. 

THE   rivAR   ANn    AITLE    MITES. 

The  mites  iufi'sling  apjilc  and  pear  foliage  were,  with  one  excep- 
tion, fir.st  recorded  from  Europe.  Five  species  arc  there  rccognizcil 
thriving  upon  these  fruits,  which  are  Eriopkycs  maJinus  Nal., 
Eriopkycs  pyri  (Pgst.)  Nal..  Eriopkycs  fyri  var.  7'ariolata  Nal.. 
Epitrimcnts  pyri  Nat.,  and  Phyllocoptcs  schlechtendali  Nal,  Of 
this  number  Eripphyes  Pyri  is  rpgardcfj  as  t\if  wors  important 
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species.  In  the  study  of  the  mites  attacking  apple  and  pear  leaves 
in  this  State,  all  but  Eriophyes  malinus  have  been  identified.  Erio- 
phyes  pyri  is  the  most  abundant  and  is  responsible  for  the  recent 
conspicuous  injuries  to  apple  and  pear  foliage.  Epiirimcrus  pyri 
and  Phyllocoptes  schlcclendali  have  been  quite  numerous  and  appear 
to  be  more  common  here  than  on  the  Continent.  The  behavior  of 
these  two  species  in  the  future  is  a  matter  of  interest  as  both  seem 
to  have  possibilities  of  developing  to  greater  economic  importance. 
In  addition  to  the  above  list  of  mites  attacking  pomes,  another 
species,  which  is  new  and  which  has  been  designated  Eriophyes 
malifoliae,  is  recorded  for  the  first  time.  The  known  species  of 
mites  upon  apple  and  pear  may  be  separated  by  the  accompanying 
Ubie. 

Tam.e  of  Apple-  and  Pear- Affecting  Species  of  Mites. 

r  Number  of  dorsal  and  ventral  striae  about  equal 2 

1^  Number  of  strife  on  dorsum  less  than  those  on  venter 5 

{Abdomen  with  about  eighty  strue 3 
Abdomen  with  less  than  eighty  sirix 4 

f  Abdomen  finely  punctured Eriophyes  pyri 

^^Abdomen  coarsely  punctured Eriophyes  pyri  var.  vartolata 

C  Body  vermiform,  with  fifty  stria; Eriophyes  tiialinus 

[^  Body  abruptly  acuminate,  with  about  seventy  ^strix. Eriophyes  malifoliae 

^  Dorsum  of  abdomen  with  two  longitudinal  furrows Epilrimerus  pyr. 

1^  Dorsum  of  abdomen  without  furrows Phyllocoptes  schiecklettdah 


He 


THE  LEAF  BLISTER-MITE. 

ERIOPHYES  PYRI  (PGST.)  NAT,. 
PhytoplMS   Pyri.     II.    Al.    Pacenstecher.     Vcrhandl.    Naturhisl.    Med.    Vcr. 

Heidelberg.    1:48.    i8s7- 
Phyloptus    pyri.     Nai.epa,    A.    Aus.    K.     Atad.     lYiss.     [ricniia],    a6:ifi2. 

1889. 
Phyloptus  pyri.     Nalepa,  A.    Silsber.  K.  Akod.  Wiss.  {Vienna],  99:50.     1R90- 
Phyloptus   arianus.   Ph.    eoloneaslri.   Ph.   sorbi.     Canestrini,    G.     Atti  Soc. 

Veneto-Ttentina  di  Sci.  Nat.  ia:t6,  20,  21.  iRgo. 
Phyloptus  aroniae.  Canestbini,  G.  Difesa  dai  Parassiti,  i  :282,  1890. 
Eriophyes   piri.    Nalepa,   A,    Das   Ticrreirli,    Ar.irina,    Friophyidae,   p.    25. 
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SYSTEMATIC  RELATIONSHIPS. 

HISTORICAL. 

In  1857,  A.  Scheuten^  discovered  that  the  pustular  spots  of  pear 
leaves  were  due  to  the  work  of  mites,  but  in  common  with  other 
workers  of  his  day,  notably  Duges,  he  drew  some  erroneous  conclu- 
sions from  the  specimens  of  mites  representing  several  species, 
taken  from  the  pear  leaves,  which  he  had  under  observation.  The 
blister -mite  was  considered  by  him  as  a  larva,  a  gamasid  which  was 
a  vagrant  guest  or  was  feeding  on  the  blister-mite  was  helieved  to 
be  the  adult,  and  a  hypopus  was  regarded  as  an  intermediate  form. 
Scheuten  designated  the  supposed  adult  as  Typhlodromtts  Pyri,  by 
which  the  blister-mite  was  known  in  literature  for  many  years. 

During  the  same  year  Pagenstecher'  published  some  notes  upon 
a  number  of  mites,  in  which  he  merely  mentions  the  leaf  blister- 
mite  and  names  it  Phytoptus  pyri,  without  giving  a  description. 
The  mite  was  later  studied  by  Nalepa'  who  in  1890  fully  described 
and  illustrated  the  external  anatomy  of  it,  which  was  the  first 
adequate  description  of  the  species. 

'Scheuten,  M.  A.  Troschel'a  Archives,  1857,  p.  104:— His  descriptions'  of 
the  supposed  stages  of  the  mite  are  briefly  as  follows : 

Larva.— h  small  white  vermiele,  0.10-0.18  mill,  in  length  and  0.025-0.040 
mill,  in  breadth.  Body  covered  with  transverse  stria,  which  when  highly 
magnified,  prove  to  be  firtn,  tubercular  ribs,  forming  a  strong  shield.  Animal 
with  four  short  legs,  inserted  near  rostrum.  Body  long,  of  uniform  breadth 
with  blunt  termination,  furnished  with  a  pair  of  long  undulated  bristles. 
Between  them  are  two  smaller  ones.  Sides  bear  some  bristles,  which  appear 
to  support  body  in  motion.  Legs  five-jointed,  terminated  by  long  nail  or 
claw.    Rostrum  forms  a  truncated  cone,  containing  sucking  tube. 

Inlermediale  form.—  Similar  to  a  mite,  but  much  smaller,  with  four  pairs 
of  legs,  the  anterior  forming  stumps,  the  posterior  styliform,  terminating  in 
two  bristles. 

Mite. —  Form  of  mite  oval,  0.30-0.34  mill,  in  length  and  0.17-0,19  mill,  in 
breadth.  Mouth  conical,  acute  and  retractile.  Palpi,  live  jointed,  obtuse 
and  strongly  hairy,  with  apical  joint  set  with  bristles.  Antennal  jaws  undis- 
tinguishabie  in  living  animals,  but  in  glycerine  preparations  two  clawlike 
jaws  are  seen.  Palpi  half-amalgamated  with  rostrum.  Legs  seven  jointed, 
first  pair  distinctly  longer  than  the  rest,  the  two  intermediate  pairs  shortest. 
Tarsal  joint  furnished  with  small  funnel-shaped  sucker  which  can  be  con- 
tracted, so  as  to  appear  like  a  simple  claw  on  the  first  pair  of  legs,  when 
employed  in  feeding. 

'Verhandl.  Naturhisl.  Med.  I'er.  Heidelberg,  1*48,  1857. 

'Sitfber.  K.  Akad.  Wits.  IFteniw],  99:50,.  189a  ; 
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DESCRIPTIONS  AND  LIFE  HISTORY. 

DESCRIPTIOM   OF   LIFE  STAGES. 

Egg. —  The  e^  is  translucent  and  whitish.  It  is  oval  in  shape, 
with  bluntly  rounded  ends.  The  longer  axis  measures  about  46 
microns  and  the  shorter  axis  is  about  35  microns.  The  eggs  are  at 
least  one  week  in  hatching  and  the  maximum  number  detected  in 
one  gall  at  the  same  time  is  fourteen.  They  may  be  found  in  the 
galls  of  the  leaves  from  April  to  September.  Oviposition  also  occurs 
in  the  buds.  The  eggs  are  deposited  indiscriminately  in  the  galls, 
at  the  base  of  the  bud  scales  and  in  the  pubescence  of  the  buds. 

Larva. — Length,  70  microns.  The  shield  is  smooth,  with  indis- 
tinct sculpturing.  The  striae  of  the  abdomen  are  visible  but  are 
not  apparent  on  the  outline  of  the  body.  The  punctuation  is  fine. 
The  external  genital  parts  are  wanting.  The  legs  are  short  and 
stout.  The  feathered  hair  has  four  rays  and  the  claw  is  longer 
than  the  feathered  hair.  The  caudal  and  accessory  setae  are  of 
medium  length.  The  lateral  and  ventral  setae  are  of  medium  length 
and  proportional  to  the  size  of  the  creature.  The  anal  lobes  are 
small.  The  larva  is  slightly  active  and  exists  in  a  rather  curved 
position  buried  in  the  substance  of  the  gall. 

Adult. — The  mite  is  usually  white,  with  some  individuals  in  each 
colony  of  a  pinkish  red  color.  The  annulation  and  fine  tubercles, 
which  appear  as  minute  punctures,  are  visible.  Viewed  dorsally, 
the  lateral  setae  with  basal  tubercles  are  very  prominent. 

The  body  is  cylindrical,  annulated,  gradually  tapering  to  posterior 
segments.  The  cephalothorax  is  small  and  semicircular,  sculptur- 
ing consisting  principally  of  three  irregular  lines  in  median  area, 
■  running  from  anterior  to  posterior  margins.  The  rostrum  is  large, 
slightly  curved  and  directed  downward.  The  legs  are  strong  and 
of  rather  even  width,  segment  two  being  widest.  The  feathered 
hair  is  fine  and  inconspicuous,  with  four  rays.  The  claw  is  small 
and  slightly  swollen  at  tip.  Near  distal  end  and  outer  margin  of 
segment  one,  there  is  one  long  bristle,  and  a  short  one  is  on  the 
opposite  side.  On  segments  two  and  four  there  is  one  short  hair 
on  outer  margin.  The  epimera  are  quadrangular  and  rather  long. 
Three  pairs  of  thoracic  setae  are  present.  The  third  pair  are  longest 
and  are  situated  in  the  basal  portion  of  the  second  pair  of  epimera. 
The   second   pair   of   setae  are   somewhat   shorter   and   are   near 
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epimeral  angle,  being  a  little  anterior  of  the  third  pair  and  nearer 
the  sternal  ridge.  The  first  pair  of  thoracic  setae  are  short  and 
fine,  and  are  near  the  base  of  the  rostrum  and  just  anterior  of  the 
second  pair  of  setae. 

The  abdomen  has  about  eighty  rings.  The  tubercles  are  small, 
appearing,  unless  carefully  focused,  as  chitinous  rings.  The  anal 
lobes  are  of  moderate  size.  Three  pairs  of  ventral  setae  are  pres- 
ent. The  first  pair  are  the  longest  and  are  slender.  The  second 
pair  are  very  small  and  inconspicuous.  The  third  pair  of  setae 
appear  of  the  same  thickness  as  the  first  pair  but  are  not  so  long. 
The  lateral  setae  are  long  and  slender.  The  genital  setae  are 
slender  but  shorter  than  the  lateral  pair.  The  caudal  setae  are 
long,  thick  at  the  base,  gradually  tapering  to  the  tip.  The  acces- 
sory caudal  setae  are  short  and  thick.  The  epigynium  is  small  and 
semicircular. 

Specimens  vary  much  in  length.  The  average  length  of  the 
females  is  from  two  to  three  hundred  microns,  and  of  the  males 
from   one   hundred   and   sixty   to   one   hundred   and   seventy -five 


LIFE  HISTORY. 

The  winter  is  spent  by  the  miCes  in  the  buds,  preferably  under 
the  second  and  third  layers  of  the  bud  scales.  If  the  numbers  are 
large  they  are  often  segregated  into  colonies,  forming  an  entangled 
mass  of  fifty  or  more  individuals  in  a  depression  or  groove  of  the 
bud  scale,  more  or  less  concealed  by  the  pubescence.  With  the 
approach  of  warm  weather  in  the  spring  the  mites  become  active 
and  may  usually  be  seen  in  the  greatest  numbers  toward  the  base 
of  the  growing  bud  scale  where  subsistence  is  obtained.  Molting 
appears  to  take  place  about  this  time  with  many  individuals  of  the 
colony,  the  cast  skins  being  attached  to  the  smooth  portion  at  the 
top  of  the  bud  scale.  As  the  buds  burst  there  is  a  movement  of 
the  mites  to  the  unfolded  leaves  in  which  the  eggs  are  deposited. 
This  migration  takes  place  with  the  maturing  of  the  bud  scales 
during  the  latter  part  of  April  and  early  May,  depending  on  the 
season,  soon  after  which  the  discoloration  of  the  leaves  by  pale 
ami  red  colored  spots  occurs.  The  mites  burrow  through  the  epi- 
dermis of  the  underside  of  the  leaf  and  feed  u|M)n  the  cellular  tissue 


New  York  Agricultural  Experimekt  Station.        311 

on  the  interior.  The  irritation  produced  by  these  operations  gives 
rise  to  a  thickening  of  the  leaf  which  is  known  as  a  gall  or  blister. 
Within  these  galls  eggs  are  deposited,  and  the  young  find  subsist- 
ence, channeling  in  all  directions,  and  develop  to  maturity.  Through 
the  tiny  openings  in  the  under  surface  of  the  gall  the  adults  pass 
to  and  fro,  and  seek  other  spots  to  produce  fresh  galls  in  which  to 
start  new  colonies.  The  production  of  young  and  the  migration  of 
adults  is  continuous  through  the  growing  season,  and  in  favorable 
years  the  numbers  of  the  mites  are  sufficient  to  completely  infest 
the  unfolding  leaves  of  the  new  growth  as  they  appear.  Mature 
mites  are  present  in  the  leaf  tissues  during  the  first  week  of  May, 
and  from  then  on  through  September  eggs  and  larvae  are  present 
in  the  leaves.  During  the  latter  part  of  May  and  the  first  of  June 
the  mites  in  greatly  increased  numbers  may  be  found  in  the  pubes- 
cence of  the  young  wood,  upon  the  leaf  stems  and  upon  the  unfold- 
ing leaves  of  the  new  growth.  During  October  the  mites  largely 
abandon  tlie  leaves  and  swell  the  numbers  already  in  hiding  in  the 
buds  and  in  the  pubescence  of  the  bark  of  the  new  wood.  Hiberna- 
tion occurs  under  the  bud  scales  and  apparently  none  of  the  mites 
pass  the  winter  in  the  pubescence  or  in  the  crevices  of  the  bark. 


ECONOMIC    IMPORTANCE. 

The  mite  has  largely  attained  its  prominence  as  an  orchard  pest 
because  of  its  destructive  work  on  pear  foliage.  The  literature 
upon  this  species  is  voluminous  and  it  is  almost  entirely  concerned 
with  the  economy  of  the  mite  in  its  relationship  to  pear  growing. 
The  references  to  the  infestation  of  other  plants  are  for  the  most 
part  mere  records  of  the  host's  name  and  give  no  suggestion  of  the 
probable  importance  of  the  injuries  committed  by  the  mite.  Tlie 
work  of  the  species  in  this  capacity  seems  to  be  of  little  consequence, 
for  important  outbreaks  would  not  have  escaped  the  attention  of 
economic  workers.  As  a  pear  pest  it  is  undoubtedly  well  known 
wherever  this  kind  of  fruit  is  grown.  As  such  it  is  recognized  in 
Europe,  Russia,  England,  Canada,  United  States,  Australia  and 
Tasmania,  and  there  are  without  doubt  other  countries  where  it  is 
present. 
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the  mite  an  important  fruit  pest. 

The  mite  was  undoubtedly  introduced  at  an  early  period  into 
this  country  in  foreign  importations  of  nursery  stock  on  either 
apple  or  pear  trees  and  buds,  and  was  probably  well  distributed  in 
many  fruit  growing  areas  long  before  its  presence  was  recognized. 
The  first  writer  to  direct  attention  to  its  appearance  as  an  orchard 
pest  in  the  United  States  was  Mr.  Townsend  Glover,'  Entomolc^st 
of  the  U.  S.  Dept.  of  Agriculture,  who  in  May,  1872,  rec«ved 
specimens  of  its  work  from  a  correspondent.  Under  his  direction 
Mr.  Thomas  Taylor,  microscopist,  examined  some  of  the  pear 
leaves  covered  with  dark  brown  blotches,  which  were  said  to  be 
inhabited  by  myriads  of  small  mites.  The  species  was  thought  to 
be  somewhat  similar  to  the  mite  mentioned  by  Packard^  as  "  the 
Typhlodromus  Pyri  of  Scheuten,"  known  to  infest  pear  trees  in 
Europe. 

Before  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science  held  at  Saratoga,  N.  Y.,  August  1879,  Dr.  W.  S. 
Barnard^  presented  a  paper  on  "bud  blight  insects,"  attributing 
the  brown  and  black  blotches  of  pear  leaves  to  the  activities  of 
mites. 

In  1880,  Prof.  Burrill*  called  attention  to  a  widespread  disease 
of  pear  leaves  in  Illinois  and  in  the  country  at  large  which  was 
ascribed  to  the  work  of  the  mite,  Phytoptus  Pyrt.  He  mentions  the 
fact  of  the  hibernation  of  the  mites  under  bud  scales,  and  their 
probable  dissemination  in  scions  and  buds.  For  the  protection  of 
affected  trees  the  removal  of  the  one  year  old  wood  and  its  destruc- 
tion by  burning  was  suggested  as  a  practical  and  efficient  remedy. 

In  succeeding  years  the  work  of  this  species  was  recognized  in 
many  States  and  was  given  widespread  mention.  In  1883^  the 
mite  was  observed  in  large  numbers  upon  imported  Russian  pear 
trees  in  experimental  nurseries  in  Iowa.  By  1886,  the  work  of 
this  creature  was  known  in  Michigan,  and  that  year  Prof.  C  P. 

'U.  S.  Dept.  Agr.  Rpl.,  1872,  p.  113. 
*  Packard's  Guide,  1869. 

*Scienti/ic  American  (.Supplement  No.  zoy),  p.  3302,  Dec,  i8?g. 
'Gardener'i   Monthly,  33:18-19.     Jan.   1880. 

*Osboni,  H.,  Iowa  State  Hort.  Soc.  Rpt.,  18:127-135,  1883.  Ibid.  Iowa  Ag. 
Coll.  Bull.  2.  p.  s6,  1884. 
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Gillette'  suggested  the  use  of  strong  soap  suds,  kerosene  emulsion 
or  sulphur  during  the  dormant  season  as  means  of  control  likely  to 
give  efficient  results.  Profs.  Bailey  and  Dudley*  in  1890  recorded 
an  abundant  infestation  by  this  pest  in  the  pear  orchards  of  New 
York.  In  the  same  year.  Profs.  Comstock  and  Slingerland*  pub- 
lished the  details  of  some  interesting  tests  with  kerosene  emulsion 
to  determine  if  applications-to  affected  leaves  would  control  mttes. 
In  this  work  only  negative  results  were  obtained.  In  the  following 
year  the  presence  of  the  pest  was  noted  in  Canada*,  Delaware", 
and  Pennsylvania".  At  the  annual  meeting  of  the  Association  of 
Economic  Entomologists  in  1892,  Prof.  Slingerland'  reported  that 
thorough  spraying  of  dormant  buds  had  proven  an  efficient  remedy 
for  the  protection  of  pear  trees.  At  this  same  meeting  the  pest  was 
recorded  in  excessive  abundance  in  the  pear  orchards  of  Eastern 
New  York,  Ohio,  and  New  Jersey.  In  1894  the  mite  was  regarded 
as  being  generally  distributed  in  the  pear  growing  belts  of  Iraho,' 
California"  and  Oregon. 

THE  MITE  AS  AN  APPLE  PEST. 

The  mite  has  long  been  known  to  infest  apple  trees  on  the  Con- 
tinent but  its  work  in  this  capacity  in  the  United  States  is  only  of 
recent  recognition.  The  pest  has  quite  likely  been  present  upon 
apple  trees  in  New  York  for  many  years  but  important  injuries  by 
it  were  not  brought  to  the  Station's  attention  till  1902,  when  it  was 
found  to  be  very  abundant  in  W.  P.  Rogers'  orchard  at  William- 
son. In  1903  tlie  infestation  of  these  trees  was  more  conspicuous 
and  attracted  considerable  attention  from  the  fruit-growers  in 
attendance  at  the   summer  meeting  of  the   State  Fruit-Growers' 

'Gillette,  C.  P.,  Mich.  Hort.  Soc.  Bpt..  16:87.  '886  (1887). 
» N.  Y.  Cornell  Sta,  Bui.  19.     Aug.,  1890. 
'  N.  Y.  Cornell  Sta.  Bui.  23.  p.  107.    Dec,  1890. 
'Fletcher,  J.,  Can.  Exp.  Farms  Rpt„  1891,  pp.  198-200. 
'Bcckwith,  M.  H.,  Del.  Exp.  Sta.  Rpt.,  1891.  pp.  89-90, 
•Buckhout,  Penn.  Exp.  Sta.  Rpt.,  1891   (1892),  p.   182, 
^Insect  Life,  5:105.    i8qi. 
'Ihid,  7^02.    1895. 
•Ibid.  7;278.    1895. 
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Association,  which  was  held  in  this  village.  Up  to  the  present 
time  its  injurious  numbers  in  this  orchard  have  been  maintained. 
During  the  same  year  Prof.  M.  V.  Slingerland'  observed  through 
the  central  portion  of  the  State  numerous  apple  trees  with  many 
of  their  leaves  showing  the  corky  blisters  characteristic  of  the  work 
of  this  creature.  The  mites  continued  to  increase  in  their  econoTnic 
importance  and  in  1905  marked  infestation  of  many  orchards  in 
Wayne,  Ontario,  Monroe  and  Niagara  counties  was  noted.  In 
1906  the  mite  was  equally  abundant  in  Livingston,  Wyoming, 
Seneca  and  Yates  Counties.  In  his  apple  orchard  survey  of  Wayne 
County  in  1903,  Dr.  G.  F.  Warren^  recorded  the  presence  of  the 
mite  in  fifty-three  orchards.  It  is  stated  that  "  the  mites  "  were  not 
bad  in  more  than  one-half  of  a  dozen  orchards,  but  in  a  few  orchards 
some  trees  had  practically  every  leaf  affected,"  A  like  survey*  of 
Orleans  County  in  1904  showed  somewhat  similar  conditions  of 
apple  trees  with  respect  to  this  pest.  Of  nineteen  orchards  showing 
mite  injury,  four  were  recorded  as  seriously  infested,  four  consider- 
ably infested,  and  eleven  slightly  infested.  The  distribution  of  this 
species  in  other  parts  of  this  State,  and  other  States,  has  not  been 
determined,  but  it  is  quite  likely  that  it  will  be  found  in  many  apple 
growing  areas,  for  this  past  summer  its  presence  was  also  detected 
in  Illinois  and  Pennsylvania. 

i 

THE  FOOD  Pr„^NTS  OF  THE  HLISTER   MITE. 

The  more  common  food  plants  of  the  blister  mite  are  the  pear, 
Pyriis  commvms  L.,  and  the  apple,  Pyrus  malus  L.  Dr.  Nalepa 
has  also  recorded  this  species  on  the  foliage  of  the  service -berry, 
Aviclanchicr  vulgaris  Monch,  the  common  cotoneastcr,  Cotoneastcr 
vulgaris  Lindl.,  the  white  beam  tree,  Sorbus  aria  Crantz,,  the  Euro- 
pean mountain  ash,  Sorbus  aucuparia  L.,  the  wild  service  tree, 
Sorbus  tormiitalis  Crantz.,  and  Dr.  Rechingcr  has  sent  us  specimens 
of  the  work  of  the  mite  on  Conloncastcr  tomcntosa  Lindl.,  and 
Sorbus  mongcoti  Crantz.,  collcctc<I  in  Europe. 

'  U.  S.  Dcpt.  Agr.,  Ent.,  Bui.  46,  p.  72.    1904. 

'G.  F,  Warren,  N.  Y.  Cornell  ita.  Bui.  zz6,  p.  340.     1905. 

'  Ibid.     N.  Y.  Cornel!  Sla.  Bui.  229,  p.  489.     1905. 
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Fig.  I. —  Life  Stages  of  Buster- Mite; 
I.  Egg.    2.  Larva..    3.  Adult. 
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.  Phyllocopies  scklechUndali.    Epitrtmerus  pyri. 
3.  Eriophyes  pyri. 
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Fic.  3-—  An  Ekemy  of  the  Buster- Mite.     (Enlarged.) 
Seius  pomi,  n.  sp. 


Fig.  4. —  Lateral  View  of  Leaf  E 
(Greatly  enlarged.) 
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PLATE  XI.— Pear  and  Apple  Mites; 

1.  Eriophyes  malifotiae  Parr. 

2  and  3.    Eriophyes  pyri   (Pgst.)   Nal.  after  Nalepa.  . 
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PLATE  XII.— Pear  anp  Apple  Mites: 
and  2.    Epitrimerus  pyri  Nal.,  after  Nalepa. 
3   and   4.    Phyllocoptes  icklectendali   Nal. 
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PLATE     I.— Pear  Leaves  Injured  by  the  Leaf  Blister-Mits. 
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3  Galls  Caused 
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PLATE  XV.— Other  Host  Plants  of  the  Leaf  B lister- M ite  i 

.  Colontaster  tomentosa  (Rechinger).    2.  Sorbus  mongeoli  (Rechinger). 

Sorbus  lorminalis.     4.  Sorbus  aria.     5.  Sorbtts  aucufaria. 
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nature  of  injuries  to  fruit  trees. 

\fite  work  on  pear  leaves. —  The  galls  first  appear  as  minute 
greenish  pimples  with  a  more  or  less  reddish  tinge,  which  are  barely 
distinguishable  from  the  leaf.  With  increase  in  size  they  become 
reddish,  often  causing  brilliant  colored  s|)Ots  on  the  leaves,  and 
later,  with  the  drying  up  of  the  di-scased  tissue,  turn  to  a  dark 
brown  or  black.  On  tlie  nndcr  surface  of  the  leaf,  the  affected 
areas  are  corky  and  raised,  with  the  epidermis  rather  loose  and 
wrinkled,  suggestive  of  a  blister,  hence  the  popular  name  apple 
and  pear  blister  to  designate  the  work  of  the  mite.  Leading  ir.to 
each  spot  there  is  usually  a  tiny  opening.  The  galls  are  irregular 
in  shape,  and  vary  in  size,  according  to  age,  the  largest  being  about 
one-eighth  of  an  inch  in  diameter.  Sometimes  they  lack  red  and 
differ  little  from  the  general  color  of  the  leaf.  Some  varieties  of 
pear,  especially  the  Keiffer,  when  much  infested,  have  the  unfolding 
leaves  completely  reddened,  swollen  and  blistered,  which,  when 
unfolded,  become  much  wrinkled  and  unshapely.  The  galls  are 
usually  arranged  in  a  row  on  each  side  of  the  main  rib.  This  group- 
ing of  the  affected  areas  seems  to  be  determined  by  the  pubescence 
of  the  leaf  and  the  condition  of  the  leaf  when  unfolding,  at  the 
time  of  the  migration  of  the  mites  from  urjder  the  bud  scales  to 
the  expanding  leaf.  When  numerous,  the  spots  may  coalesce,  form- 
ing dark  brown  or  blackish  patches  of  various  sizes  which  may 
cover  much  of  the  leaf  and  cause  it  to  rupture  in  one  or  more  parts, 
especially  along  tlie  margins.  Severe  infestation  of  the  mites  may 
cause  more  or  less  defoliation,  resulting  in  the  premature  falling 
of  the  fruit  from  the  most  injured  leaf  clusters.  The  mites  also 
cause  light  colored  pimples  about  the  calyx  of  the  fnut  and  on  the 
fruit  stems,  but  these  injuries  are  occasional  and  do  not  appear  to 
impair  the  health  or  the  value  of  the  fruit. 

Mite  work  on  apple  leaves. —  The  work  of  the  mite  on  apple  first 
shows  on  the  upper  surfaces  of  the  leaf  as  distinct  light  colored 
pimples  and  on  the  undersides  as  blisters  or  thickened  areas  of  the 
same  color  as  the  leaf.  The  affected  areas  are  of  irregular  size  and 
are  unevenly  distributed,  though  the  larger  proportion  of  them  are 
about  the  sides  and  the  base  of  the  leaf.  Some  of  the  blisters  may 
have  a  reddish  tinge,  somewhat  similar  to  the  pear  leaf  galls  but 
ordinarily  of  a  less  brilliant  color.    As  the  galls  become  older  they 
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appear  as  corky  spots  of  a  reddish  brown  color,  which  to  the  touch 
are  very  distinct  from  the  healthy  portions  of  the  leaf.  The  indi- 
vidual galls  average  from  one-twelfth  to  one-eighth  of  an  inch  in 
diameter  and  are  usually  oval  or  quadrangular  in  shape.  Leading 
to  the  interior  of  each  affected  area  there  is  usually  one  or  more  tiny . 
openings,  Often  the  spots  coalesce,  forming  irregular  dead  areas, 
with  a  smooth  or  slightly  raised  surface  and  of  a  dark  brown  color, 
which  rupture  the  leaf  at  the  margins.  Severe  infestation  seems  to 
destroy  the  fresh  color  and  gloss  of  the  leaves  and  may  cause  them 
to  be  much  wrinkled  or  to  curve,  over,  exhibiting  the  under  surfaces. 

About  July  I  the  most  striking  effects  of  the  mites  upon  the 
leaves  appear,  especially  if  there  is  much  yellowing  of  the  foliage, 
as  frequently  occurs.  Upon  the  upper  surfaces  of  such  leaves  the 
mite-infested  spots  are  of  a  light  brown  or  of  3  dark  green  color 
and  are  uniformly  brown  beneath.  These  spots  are  thickly  massed, 
forming  a  dark,  broad  hand  of  irregular  width  along  each  side  of 
the  leaf  which  contrasts  conspicuously  with  the  intervening  light 
yellow  area  about  the  main  rib.  To  one  standing  on  the  ground 
and  viewing  the  leaves  from  beneath,  this  striping  of  the  leaves 
is  very  suggestive  of  variegated  foliage  of  certain  ornamental  plants. 

The  mites  also  injure  the  fruits  and  the  fruit  stems.  As  a  result 
of  the  attacks  by  the  mites  the  young  fruit  soon  after  setting  pre- 
sents light  green  pimples,  about  one-eighth  of  an  inch  in  diameter 
which  stand  out  in  marked  contrast  with  the  darker  colored  surface 
of  the  apple.  These  swellings  are  usually  irregularly  grouped  about 
the  calyx  cavity.  Apples  that  are  half  grown  may  show  light,  blister- 
like areas  of  one-quarter  of  an  inch  in  diameter,  suggestive  of  pock 
marks,  which  are  variously  distributed  upon  the  surface,  usually 
about  the  calyx  cavity.  These  markings  would  ordinarily  pass 
unnoticed  and  seem  in  no  way  to  affect  the  value  of  the  fruit. 
Injured  apple  stems  show  somewhat  similar  pimples  of  a  smaller 
size.  Severe  infestation  produces  much  thickened  stems,  which 
present  a  very  irregular  outline.  In  several  instances  the  work  of 
the  mites  upon  the  leaves  and  fruit  stems  of  the  same  cluster  has  so 
weakened  the  stems  as  to  cause  the  falling  of  the  fruit.  Premature 
dropping  of  the  apples  by  this  means  seems  to  be  of  rare  occurrence 
and  even  on  the  worst  infested  trees  is  not  sufficient  to  appreciably 
affect  crop  production. 
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The  work  of  the  mite  has  been  recognized  on  over  two  hundred 
and  fifty  varieties  of  apples.  Some  of  the  leading  varieties  sustain- 
ing severe  injuries  to  the  foliage  are  the  Baldwin,  Rhode  Island 
Greening,  Sutton,  Fall  Pippin,  Ben  Davis  and  King,  The  leaves 
of  William  Favorite  in  the  Station  orchard  have  been  the  worst 
aifected  and  the  trees  have  for  two  years  shown  marked  unseason- 
able defoliation. 

MITE  INJURIES  CONFUSED  WITH  SPRAY  INJURIES. 

Injuries  by  the  mite  and  by  spraying  mixtures  often  appear  upon 
the  same  leaf  and  have  been  much  confused.  The  two  are  quite  dis- 
tinct and  may  be  easily  distinguished.  Injuries  due  to  treatment 
by  the  bordeaux-arsenical  mixtures  appear  as  dead  brown  spots  of 
various  sizes  and  shapes,  and  are  irregularly  distributed  over  the 
leaf  surface.  Frequently  these  spots  are  roundish  or  circular  with  a 
diameter  of  one-twelfth  to  one-eighth  of  an  inch,  while  others  are 
irregular  in  outline  and  much  larger.  Although  the  line  of  demar- 
cation between  the  dead  and  living  tissue  is  sharp,  these  spots 
are  to  the  touch  flat,  often  depressed,  and  are  not  in  this  manner 
distinguishable  from  the  general  surface  of  the  leaf  as  are  the  mite- 
blisters.  Spray-injured  spots  show  the  venation  of  the  leaf  which 
is  seldom  apparent  in  the  mite  galls,  and  the  dead  areas  also  lack 
the  small  hole  leading  to  the  interior,  which  is  always  present  in  the 
corky  spots  produced  by  mites. 

MITE  INJURIES  CONFUSED  WITH  APPLE  RUST, 

In  the  Hudson  Valley  and  Long  Island,  the  rust  is  quite  common 
and  is  often  mistaken  for  the  work  of  the  blister  mite.  This  disease 
may  be  distinguished  by  the  presence  of  circular,  orange-colored 
spots  of  one-quarter  of  an  inch  in  diameter,  which  encircle  dead 
brown  irregular  areas,  and  which  are  variously  distributed  over 
the  leaf  surface.  Upon  the  undersides  of  the  leaves  the  rust  appears 
as  brown  calloused  areas  showing  the  characteristic  cluster  cups 
which  are  not  present  in  the  galls  of  the  mite. 

AN   ENEMY  OF  THE  BLISTER  MITE. 

The  apple  and  pear  blister  mite  is  much  subject  to  the  ravages 
of  a  gamasid  mite,  Seius  pomi.  This  was  very  abundant  this  season 
upon  infested  trees  and  undoubtedly  materially  assisted  in  reducing 
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the  numbers  of  the  blister  mites.     As  it  has  apparently  not  been 
recognized  before,  it  is  briefly  described  as  follows: 

Seiiis  pomi  n.  sp.— Length  about  four  hundred  microns  and  width 
two  hundred  and  ten  microns.  Body  ovoid  and  yellowish  in  color; 
dorsum  with  a  number  of  bristles  of  varying  size.  First  pair  of  legs 
are  slender,  coxa,  femur,  patella,  and  tibia  are  subequal  in  length, 
trochanter  somewhat  shorter  but  of  equal  width,  tarsus  is  mod- 
erately long.  Second,  third  and  fourth  pairs  of  legs  are  nearly 
equal  in  length  and  are  stouter  than  the  first  pair.  On  all  segments 
there  are  a  number  of  fine  hairs.  The  epistoma  is  projecting.  The 
palpus  is  of  medium  length  and  is  rather  stout.  The  apical  segment 
of  palpus  has  on  its  inner  margin  near  the  middle  a  conspicuous 
bifid  spine  which  is  clawlike.  The  second  segment  from  the  apex 
has  two  stout  spines  on  inner  margin  and  the  third  segment  has  at 
least  one  stout  spine  on  inner  margin.  All  of  the  segments  have  a 
number  of  fine  bristles,  which  are  especially  abundant  on  the  apex 
of  the  last  segment.     (P.  J.  P.) 

EXPERIMENTS  IN  CONTROLLING  THE  LEAF  BLISTER- 
MITE. 

ORCHARD  I:    PEARS. 

This  orchard  is  located  at  Northvillc.  It  consists  entirely  of 
Keiffcr  pears  which  are  three  years  of  age  and  of  good  size.  The 
trees  have  been  well  cultivated  and  fertilized  and  each  year  cover 
crops  have  been  grown.  During  the  last  year  the  trees  grew 
rapidly,  and  the  entire  foliage  of  almost  all  of  the  new  wood,  for 
three  or  four  feet  from  the  tips  of  the  shoots  downward,  was  con- 
spicuously marked  by  the  work  of  the  mites.  The  remarkable  con- 
dition of  the  trees  in  this  respect  indicated  an  early  infestation  of 
the  trees,  which  probably  rommenced  with  the  insertion  of  the  bud 
in  the  nursery. 

Conditions: —  The  orchard  was  divided  into  two  portions  to  make 
comparative  tests  of  fall  and  spring  spraying  with  the  sulphur 
washes  for  the  control  of  the  mite.  On  December  i,  1904,  thirty  trees 
were  sprayed  with  the  self-lxiiled  lime-sulphur  wash,  made  after 
this  formula:  Lime  30  pounds,  sulphur  15  pounds  and  caustic 
soda  5  pounds  to  50  gallons  of  water.  Twenty-three  trees  were 
treated  with  the  boiled  lime-sulphur  wash  consisting  of  lime  20 
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pounds,  sulphur  15  pounds  and  salt  15  pounds  to  50  gallons  o£ 
water.  On  April  14,  1905,  eleven  trees  were  sprayed  with  the  self- 
boiled  wash,    A  few  trees  were  left  unsprayed  to  serve  as  checks. 

Results  on  blister-mites:  —  In  the  spring  of  1905  the  trees  were 
examined  frequently  by  Mr,  Sirrine  to  determine  the  effects  of  the 
treatment  upon  the  trees  and  the  mites.  On  March  27,  he  reported 
that  a  number  of  the  fruit  spurs  on  the  trees  sprayed  with  the 
self-boiled  wash  were  dead,  while  the  remaining  trees,  including 
the  checks,  sustained  no  apparent  injuries.  At  this  time  the  mites 
were  abundant  under  the  bud  scales  of  the  untreated  trees  while  the 
sprayed  trees  showed  little  or  no  infestation.  The  mites  were  still 
present  under  the  buds  on  April  20,  but  by  the  24th  they  were 
migrating  from  their  hibernating  quarters  to  the  unfolding  leaves. 
Eggs  were  also  detected  under  the  bud  scales.  By  April  30,  some 
of  the  mites  had  burrowed  their  way  into  the  unopened  leaves, 
causing  the  usual  reddish  spots.  There  were  no  traces  of  mite 
injury  upon  the  fall-treated  trees  but  on  the  spring-sprayed  trees 
there  were  a  few  affected  leaves.  The  checks  appeared  in  marked 
contrast  with  the  treated  trees  as  many  of  their  leaves  were  much 
discolored  and  sometimes  distorted  by  the  work  of  the  mite.  May 
4,  eggs  and  mites  were  abundant  on  the  unfolded  leaves.  Many 
galls  were  examined  for  larvx  and  eggs  without  resulls,  June  3.  All 
the  trees  were  badly  infcstctl  with  Gyniiiosfiorimgiinn  sp.  which 
made  it  difficult  to  distinguish  the  blisters  of  the  mites.  The  dis- 
ease at  this  time  seemed  to  be  the  more  destructive.  The  condition 
of  the  trees  with  respect  to  infestation  by  the  mite  showed  no  appar- 
ent variation  from  former  observations. 

ORCHARD  11:  PEARS. 

This  orchard  is  located  about  three  miles  from  Riverhead,  Suffolk 
County.  It  consists  of  130  Keiffer  pear  trees  which  Have  been 
planted  two  years.  These  have  been  given  careful  cultivation  but 
have  not  been  sprayed  until  the  present  experiment  was  conducted. 

Conditions:  —  On  April  8,  1904,  twenty  of  the  trees  were  sprayed 
with  the  self-boiled  lime-sulphur-caustic  soda  wash,  the  remainder 
being  reserved  as  checks.  One  application  of  the  wash  was  made, 
which,  on  account  of  the  small  size  of  the  trees,  was  very  thorough. 
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Results  on  blister-mite. —  On  April  8,  the  leaves  of  the  unsprayed 
trees  were  nearly  all  infested  with  the  blister-mite  while  the  sulphur- 
treated  trees  were  apparently  unaffectd.  By  May  i6  there  were 
a  few  leaves  on  four  of  the  sprayed  trees  that  showed  slight  traces 
of  the  mites  but  the  remaining  sulphur-treated  trees  showed  no 
evidences  of  infestation.  About  June  25  the  new  growth  of  the 
checks  was  being  attacked  by  the  mites  while  the  sprayed  trees  had 
clean  foliage  except  in  a  few  instances.  A  careful  examination  on 
August  I  showed  that  there  were  eight  trees  in  the  sprayed  lot  that 
had  traces  of  mite  work  while  tlie  checks,  without  an  exception, 
were  well  infested  with  the  mites. 

Results  on  pear  trees. —  The  trees  were  uninjured  by  the  treat- 
ment. The  applications  of  the  sulphur  washes  destroyed  the  lichens 
and  left  the  bark  clean.  All  foliage  that  had  appeared  after  June  15 
was  still  adhering  on  October  30,  while  the  unsprayed  trees  were 
nearly  hare.  The  leaves  set  before  June  15  on  both  tlie  sprayed  and 
unsprayed  trees  were  very  much  affected  by  leaf  rust  {Gymnospo- 
rangium  sp,).  Duchess  and  Seckel  pears  in  the  same  orchard  were 
free  from  this  disease  and  also  from  the  blister-mite. 

Hand  picking  of  infested  leaves. —  During  the  years  1903  and 
1904,  Mr.  Sirrine  conducted  some  experiments  to  determine  the 
value  of  such  treatment  for  the  mite.  On  account  of  the  small  size 
of  the  trees  this  seemed  a  practical  method  of  controlling  the  pest 
and  was  one  that  had  been  commonly  recommended.  During  the 
last  week  in  May,  1903,  ail  infested  leaves  from  five  trees  were 
removed  and  carried  out  of  the  orchard.  One  week  later  five  more 
trees  were  treated  in  the  same  manner.  An  examination  of  these 
same  trees  on  June  29  showed  slight  traces  of  infestation  of  the 
newly  developed  leaves.  On  May  16,  1904,  these  trees  were  care- 
fully examined  again  when  it  was  found  that  a  number  were  abund- 
antly infested.  Later  studies  of  the  habits  of  the  mite  have  shown 
that  during  the  early  summer  the  mites  do  not  confine  their  oper- 
ations entirely  to  the  leaves  as  they  may  feed  and  breed  in  large 
numbers  during  the  growing  season  upon  the  young  forming  buds 
and  in  the  pubescence  of  the  bark  of  the  new  growth.  When 
the  conditions  are  favorable  for  the  rapid  multiplication  of  the 
mites  there  is  doubtless  considerable  migration  of  the  mites  from  the 
older  leaves  to  the  new  growth.    The  failure  to  control  the  mite  by 
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the  destruction  of  the  infested  leaves  seems  to  be  due  to  these  habits 
of  this  creature.  Nevertheless,  the  removal  of  affected  leaves  at 
the  first  appearance  of  injury  would  undoubtedly  greatly  reduce  the 
numbers  of  the  mite  upon  the  plant.  At  the  best  this  method  of 
fighting  the  mite  is  only  practicable  upon  small  trees  and  from  this 
experience  it  is  not  as  effective  as  a  thorough  treatment  during 
dormant  season  with  a  contact  spray, 

ORCHARD  III :  APPLES. 

This  orchard  is  adjacent  to  Williamson,  Wayne  County,  and  con- 
sists largely  of  Maiden  Blush  arid  Baldwin.  The  trees  are  about 
forty  years  of  age  and  have  been  systematically  sprayed  for  the 
common  insects  and  diseases.  Originally  the  orchard  was  grown 
in  sod  but  in  recent  years  thorough  cultivation  has  been  practiced. 
It  is  not  known  how  long  infestation  with  the  mite  has  existed,  but 
it  is  believed  that  the  first  serious  outbreak  occurred  in  1902  when 
the  Station's  attention  was  first  directed  to  the  trouble. 

On  August  29  of  that  year,  much  of  the  foliage  of  a  goodly 
number  of  the  trees  in  the  northeast  corner  of  the  orchard  was  well 
marked  with  the  galls,  many  of  which  had  coalesced,  forming  large 
dead,  brown  areas  on  the  leaves.  Associated  with  the  work  of  the 
mite  there  was  much  spotting  of  the  leaves  by  the  bordeaux  mixture. 
With  some  trees  many  leaves  had  turned  yellow  and  were  falling. 
This  defoliation,  coupled  with  the  russeted  appearance  of  a  goodly 
portion  of  the  leaves  still  adhering,  due  to  mite  and  spray  injuries, 
gave  the  trees  a  very  unthrifty  appearance. 

In  1903,  the  state  of  the  trees  was  less  satisfactory  than  during 
the  preceding  year.  The  mite  was  more  widely  distributed  through 
the  orchard  and  the  destruction  of  the  leaves  by  spraying  with 
bordeaux  mixture  was  much  more  severe.  Mite  and  spray  injuries 
frequently  occurred  on  the  same  leaf  and  there  was  the  usual  russet- 
ing,  yellowing  and  falling  of  the  leaves.  While  the  mite  was 
responsible  for  much  of  the  discoloration  of  the  leaves,  the  defolia- 
tion of  the  trees  seemed  to  be  due  to  spray  injuries  and  to  the 
unthriftiness  of  the  trees,  attributable  to  unfavorable  soil  conditions, 
which  are  not  understood,  probably  poor  drainage.  By  the  end  of 
the  summer  nearly  every  tree  showed  evidences  of  infestation,  and 
a  surprisingly  large  nimiber  of  mites  found  hibernating  quarters 
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in  the  buds,  nearly  all  of  which  were  tenanted.  In  1904  the 
beliavior  uT  tin;  dcliard  was  quite  similar  to  that  of  the  previous 
year,  exc^iit  that  injuries  by  spraying  were  not  so  marked.  As 
there  was  no  apparent  decline  in  the  numbers  of  the  mite,  and  as 
it  seemed  to  be  an  apple  pest  of  increasing  importance  in  this  and 
other  orchards,  plans  were  made  by  which  a  number  of  the  worst 
affected  trees  were  secured  for  experimental  purposes  to  determine 
satisfactory  methods  for  treatment. 

EXPERIMENTS  IN    I905. 

Conditions. —  On  May  2,  treatment  with  whale-oil  soap,  one 
pound  to  five  gallons  of  water,  and  kerosene  emulsion,  one  part  to 
eight  parts  of  water,  was  commenced.  The  buds  at  this  time  were 
opening,  and  the  mites  were  beginning  to  migrate  from  the  bud 
scales  to  the  unfolding  leaves.  One  hundred  and  seventy  trees, 
divided  evenly  between  the  two  mixtures,  were  sprayed.  Thirty- 
seven  trees  fully  representative  of  the  treated  lot  were  reserved  as 
checks.  It  was  intended  to  apply  the  sprays  much  earlier  than  the 
date  given,  but  successive  rains  and  the  condition  of  the  orchard 
made  this  impossible.  All  the  trees  were  given  the  three  customary 
sprayings  with  the  bordeaux- arsenical  mixtures. 

Results. —  The  trees  were  examined  a  number  of  times  during  the 
summer  to  ascertain  the  effects  of  the  treatment  on  the  mite.  The 
conditions  of  the  trees  with  respect  to  treatment  by  contact  sprays 
are  well  shown  by  the  following  notes  of  July  21,  which  have  been 
condensed :  Checks  are  much  infested  with  the  mite.  There  is 
much  yellowing  and  dropping  of  the  leaves,  and  the  trees  are  at 
least  one-half  defoliated.  Apparently  spray  injuries  from  bordeaux 
treatment  or  some  unfavorable  soil  conditions  are  responsible  for 
this  denudation.  Trees  sprayed  with  whale-oil  soap  show  the  work 
of  the  mite  but  the  infestation  is  not  quite  as  bad  as  with  checks. 
Defoliation  is  severe.  Trees  sprayed  with  kerosene  emulsion  were 
slightly  more  exempt  from  mite  injuries  than  those  treated  with  the 
soap  mixtures.  Nearly  one-half  of  the  leaves  had  fallen  to  the 
ground  and  much  of  the  foliage  still  adhering  was  turning  yellow. 

Summary. —  The  treatment  for  the  blister-mite  was  not  success- 
ful. The  results  may  have  been  due  partly  or  wholly  to  the  pubes- 
(%nce  of  the  buds  which  may  have  repelled  the  sprays  or  to  the 
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lateness  of  the  applications.  Apple  buds  are  more  difficult  to 
cover  satisfactorily  than  pear  buds.  Besides  at  the  time  of  treat- 
ment, the  mites  were  active,  and  though  none  were  discovered,  it 
is  quite  probable  that  many  were  in  the  unfolded  leaves,  where  they 
would  be  beyond  the  reach  of  the  mixtures.  The  spraying  seemed 
to  furnish  3  small  amount  of  protection  to  the  trees  but  not  enough 
to  make  the  work  profitable.  The  results  obtained  indicated  the 
necessity  of  fall  or  early  spring  treatment  if  the  pest  is  to  be 
effectively  controlled. 

EXPERIMENTS  OF  I906. 

Conditions. —  This  year  the  applications  were  made  earlier  and 
special  attention  was  i^ven  to  the  oil  sprays.  The  same  trees  were 
used  as  in  the  previous  experiment.  On  April  4,  miscible  oil,  one 
part  to  twenty  parts  of  water,  kerosene  emulsion,  one  part  to  eight 
parts  of  water,  and  whale-oil  soap  at  the  rate  of  one  pound  of 
soap  to  seven  gallons  of  water,  were  each  applied  to  four  trees 
respectively.  Pure  kerosene  oil  was  used  on  four  trees.  All  the 
trees  receiving  treatment  were  drenched  with  the  sprays.  Five 
trees,  similarly  infested  with  the  mite,  were  used  as  checks.  The 
buds  at  this  time  were  dormant.  For  purposes  of  comparison, 
the  remainder  of  the  orchard  was  treated  on  April  20,  fifty-one 
trees  being  sprayed  with  whale-oil  soap,  thirty-four  trees  with 
kerosene  emulsion,  and  fifty-one  trees  with  miscible  oil,  the  mix- 
tures being  used  in  the  above  strengths.  The  buds  were  well 
swollen.    A  short  light  rain  followed  the  applications. 

Results. —  The  operations  in  this  orchard  during  this  year  gave 
the  most  satisfactory  results  of  any  of  the  various  experiments 
undertaken  to  control  the  blister-mite  upon  apple  trees.  Derived 
as  they  are  from  a  badly  infested  orchard  of  good  size,  the  data 
obtained  in  this  experiment  have  direct  application  to  many 
orchards  now  infested  with  the  mite.  The  results  are  briefly  stated 
as  follows: 

Miscible  oil. —  The  trees  that  received  the  early  treatment  were, 
throughout  the  summer,  quite  free  of  mite  work,  and  the  slight  in- 
festation that  was  present  was  largely  confined  to  widely  separ- 
ated branches.  The  foliage  was  heavy,  the  trees  having  made  a 
vigorous  healthy  growth.    The  three  rows  recdving  the  later  ap- 
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plication  were  not  quite  so  exempt  from  mites  as  the  earlier-sprayed 
lot,  but  the  condition  of  the  trees  was  very  satisfactory  and  sur- 
passed that  of  the  blocks  contemporaneously  sprayed  with  either 
kerosene  emulsion  or  whale-oil  soap.  The  cost  of  the  spraying 
mixture  for  each  tree  was  four  cents. 

Kerosene  oil. —  The  trees  sprayed  with  oil  suffered  a  retardation 
of  the  leaf-buds,  the  effects  of  which  were  apparent  for  nearly 
one  month  after  the  appearance  of  the  leaves  on  the  checks.  The 
amount  of  blossoming  was  small  and  none  of  the  fruit  set.  One 
of  the  trees,  which  was  much  infested  during  the  previous  year, 
was  entirely  exempt  frcmi  leaf  galls.  The  remaining  three  trees 
showed  slight  traces  of  the  mites  which  were  due  to  obstructions 
in  spraying.  Since  1902  none  of  the  trees  in  the  entire  orchard 
has  shown  so  little  evidence  of  the  mites.  These  trees  at  the  last 
examination  on  August  7  had  made  a  thrifty  growth  and,  with 
the  exception  of  the  loss  of  fruit,  were  in  an  excellent  condition. 
The  average  cost  of  the  oil  for  each  tree  was  twenty  cents. 

Kerosene  emulsion. —  The  trees  receiving  this  treatment  were 
more  free  frcMn  the  mites  than  were  the  trees  sprayed  with  whale- 
oil  soap.  The  infestation  was  more  abundant  than  existed  in  the 
blocks  treated  with  miscible  oil  and  pure  kerosene  oil.  It  was 
estimated  that  about  50  per  ct.  of  the  leaves  were  infested  as 
compared  with  the  checks.  The  applications  of  the  kerosene  emul- 
sion caused  no  apparent  injury  to  fruit  and  leaf  buds  and  the  fruit 
yields  were  fully  as  large  as  those  of  the  checks.  The  cost  of  the 
emulsion  for  each  tree  was  five  cents. 

Whale-oil  soap. —  The  application  of  the  whale-oil  soap  appeared 
to  have  had  very  little  effect  upon  the  mites;  and  the  trees,  with 
the  exception  of  some  of  the  lower  branches,  were  fully  as  badly 
infested  as  the  checks.  The  spraying  in  this  case  was  just  as 
thorough  as  the  other  treatments,  and  the  only  reasons  that  can 
be  given  for  these  results  are  that  the  soap  was  not  used  strong 
enough  or  that  this  spray  is  not  adapted  for  penetrating  the  pub- 
escence of  the  buds  and  the  bud  scales.  The  cost  of  the  soap  solu- 
tion for  each  tree  was  five  cents. 

Conclusion. —  In  this  year's  work  the  mite  was  greatly  reduced 
in  numbers  by  several  sprays,  an  accomplishment  which  was  appar- 
ently due  to  early  treatment  and  to  the  use  of  oil  sprays  which 
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are  much  more  penetrating  than  the  soap  and  sulphur  preparations. 
While  it  is  not  so  effective  as  the  pure  oil  and  the  miscible  oil, 
because  of  its  safe  qualities  and  its  cheapness  the  kerosene  emul- 
sion seems  to  be  the  remedy  best  adapted  to  the  needs  of  orchardists. 
Used  a  little  stronger,  at  the  rate  of  one  part  diluted  with  five  parts 
of  water,  it  is  believed  that  still  better  results  would  he  obtained. 
Pure  kerosene  oil  and  the  miscible  oils  may  be  employed  for  the 
treatment  of  apples,  su^estions  for  the  use  of  which  are  given 
in  the  final  directions  for  spraying  for  the  mite. 

GENERAL  SUMMARY  AND  DISCUSSION  OF  RESULTS. 

The  leaf  blister-mite  passes  the  winter  in  the  bud  scales,  usually 
of  the  buds  of  the  new  growth,  and  while  in  this  situation  is  sus- 
ceptible to  practical  methods  of  treatment.  The  protection  derived 
from  the  buds  makes  the  pest  somewhat  difficult  to  control  because 
of  the  necessity  of  thorough  spraying,  but  experience  has  shown  that 
the  mite  may  be  effectually  combated  with  but  little  more  cost  than 
is  required  for  certain  of  the  common  destructive  orchard  insects. 
This  is  especially  true  of  pears,  which  have  uniformly  given  satis- 
factory results  by  spraying,  but  on  the  apple  the  mite  is  more 
difficult  to  control  because  of  the  size  of  the  trees  and  the  greater 
abundance  of  the  pubescence  of  the  buds  which  acts  as  more  or  less 
of  a  repellent  to  the  spraying  mixtures.  Whale-oil  soap  mixtures 
and  sulphur  washes,  which  have  proven  very  efficient  in  the  treat- 
ment of  pears,  have  been  only  partially  effective  upon  apples,  while 
the  oils,  pure  or  emulsified,  and  miscible  oil,  have  given  satisfac- 
tory results  upon  both  kinds  of  fruits.  In  the  experiments  that 
have  been  undertaken  upon  them  with  apples,  pure  kerosene  oil 
and  crude  petroleum,  which  are  very  penetrating  and  efficient 
insecticides,  effected  greater  reduction  in  the  numbers  of  the 
mites  than  any  other  of  the  various  sprays  that  have  been  tested. 
But  unfortunately  these  oils,  unless  used  in  the  minimum  quan- 
tities, are  unsafe  sprays,  and  may  cause  injuries  to  fruit  and  leaf 
buds,  which  limit  their  use  to  orchardists  who  have  learned  to  apply 
them  with  safety,  or  to  the  treatment  of  trees  on  which  more  safe 
remedies  have  failed.  While  it  is  not  quite  so  efficient  as  the  clear 
oils,  the  kerosene  emulsion  appears  to  be  the  more  practical  remedy 
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for  orchardists  in  the  treatment  of  tlie  mite.  One  application  of 
the  emulsion  has  controlled  the  mite  on  pear  trees  and  has  reduced 
the  numbers  of  the  mites  on  apple  trees  by  one-half.  It  is  beades 
a  cheap  and  safe  spray  and  for  these  reasons  is  better  adapted  to 
the  needs  of  average  fruit  growers.  If  the  infestation  is  severe, 
two  sprayings  with  the  emulsion  are  advised,  one  in  the  late  fall 
and  one  in  the  early  spring,  during  the  period  of  November  to 
March  inclusive.  If  only  one  application  is  intended,  this  should 
be  made  in  the  fall  if  possible.  Miscible  oil  gave  very  satisfactory 
results,  and  for  use  should  be  diluted  with  fifteen  to  twenty  parts 
of  water.  Proprietary  remedies  are  often  variable  in  their  insecti- 
cidal  qualities,  and  one  employing  them  should  be  fully  alive  to 
their  limitations  in  this  respect.  The  results  obtained  in  these  ex- 
periments suggest  the  following  directions  for  the  treatment  of 
mite-infested  apple  and  pear  orchards  respectively. 

DIRECTIONS  FOR  COMBATING  THE  MITE. 
On  apple  trees. —  Spray  the  trees  with  kerosene  emulsion  diluted 
with  five  parts  of  water,  the  applications  being  made  during  the 
months  of  October,  November,  March  or  April.  If  possible,  two 
sprayings  should  be  made,  one  in  the  fall  and  one  in  the  spring,  as 
many  mites  are  liable  to  escape  with  only  one  treatment.  If  it  is 
not  practicable  to  make  more  than  one  application,  apply  the  mix- 
ture in  the  fall  as  soon  as  possible  after  the  majority  of  the  leaves 
have  fallen,  as  many  of  tlie  mites  are  still  in  the  pubescence  of 
the  yoimg  wood,  where  they  are  mure  easily  destroyed  than  under 
the  bud  scales.  Special  pains  should  be  taken  in  the  treatment 
of  apple  trees  to  wet  the  buds  and  the  new  growth  thoroughly  with 
the  emulsion.  Nothing  less  than  a  thorough  drenching  of  the  buds 
will  give  satisfactory  results.  The  rough  bark  of  the  limbs  and 
trunks  may  be  neglected  as  they  afford  no  protection  to  the  mites. 
Miscible  oil  diluted  with  ten  to  fifteen  parts  of  water  may  be 
used  in  place  of  the  kerosene  emulsion.  Pure  kerosene  oil  and 
crude  petroleum  are  advised  only  when  other  sprays  have  failed. 
In  using  them  they  should  be  applied  with  the  wind  as  a  fine  mist, 
spraying  ceasing  as  soon  as  the  oil  commences  to  run  on  the  bark. 
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How  seriously  an  orciiard  should  be  infested  before  it  is  advis- 
able to  apply  spraying  mixtures  is  a  question  whicfi  the  individual 
must  determine  for  himself,  as  he  is  in  a  better  position  to  wiitdi 
the  progress  and  to  note  the  effects  of  the  mite  upon  the  foliage 
and  to  decide  what  are  the  probable  results  of  the  infestation  upon 
fruit  yields.  From  the  observations  that  have  been  made  upon  the 
l>ehavior  of  the  mite  in  this  Stale  as  an  apple  pest,  it  has  been 
apparent  that  it  varies  in  destructiveness  in  different  orchards  and 
in  different  years.  This  conduct  of  the  mite  appears  to  be  due 
to  the  attacks  of  Gamasides,  a  group  of  closely  related  mites,  which 
are  its  most  formidable  enemies.  This  is  one  of  the  hopeful  feat- 
ures of  the  present  invasion  of  the  mites  and  should  be  given  due 
weight  in  considering  the  advisability  of  spraying.  Many  orchiirds 
that  are  slightly  infested  may  safely  be  allowed  to  run  their  chances 
for  the  present,  recourse  to  treatment  being  taken  upon  the  increase 
of  tlie  mite  in  sufficient  numbers  to  affect  the  growth  of  the  leaves 
and  to  cause  their  premature  falling.  But  orchards  that  are  over- 
run with  mites  should  be  sprayed.  The  leaves  play  an  important 
role  in  determining  the  fruit  yields,  and  trees  that  are  subject  to 
serious  infestation  of  the  leaves  by  the  mite,  accompanied  by  undue 
and  unseasonable  defoliation,  such  as  has  occurred  during  the  past 
two  years  by  the  pest,  would  certainly  produce  smaller  crops. 

On  pear  trees. —  The  progress  of  the  blister-mite  upon  pear  trees 
may  often  be  checked  by  simply  pruning  out  and  destroying  by 
fire  the  infested  twigs  at  the  first  appearance  of  injury.  If  the 
infestation  is  general  the  trees  should  be  sprayed  according  to  the 
directions  given  for  the  treatment  of  apples.  Trees  that  are 
infested  with  the  San  Jos6  scale  as  well  shoul  1  be  sprayed  with 
the  boiled  lime  sulphur  wash  which  will  control  both  the  scale  and 
the  blister-mite. 

BRIOPHYES  PYRI  VAR.  VARIOLATA  NAL. 
Phytoptus  fiiri  var.  twiolalus,  Nai.fpa,  A,.  Am.  K.  Ak(jd.  Wiss.  IVienna], 

Eriopkyes  firi  var.  variolola,  Nai.epa.  A,.  Das  Tierrcieh,  Acarina,  Eriophyidae, 

1898,  p,  25. 

This  differs  from  Eriophycs  pyri  b>  the  very  coarse  punctuation 

of  the  abdomen.     Specimens  of  this  species  were  detected  by  Dr. 

Nalepa  in  microscopical  mounts  of  Eriophycs  Pyri,  collected  from 


328     Report  of  the  Department  of  Entomology  of  the 

apple  leaves.  In  Europe  it  is  known  to  infest  Sorbus  aria  Crantz, 
Sorbus  aucuparia  L.  and  Sorbus  torminalis  Crantz.  This  species 
inhabits  blisters  upon  leaves  that  are  indistinguishable  from  those 
of  pyri.  It  has  been  found  only  in  few  numbers  and  is  much  less 
important  than  the  latter. 

ERIOPHYES  MAUFOLIAE  n.  sp. 

The  body  is  rounded  on  dorsum  and  is  fusiform,  being  very 
broad  posterior  of  the  thoracic  shield.  The  cephalothorax  is  large. 
The  thoracic  shield  is  large,  because  of  the  width  of  the  body,  and 
projects  over  the  anterior  margin  of  the  body.  Upon  the  median 
area  of  the  shield  there  are  a  number  of  lines  which  extend  from 
the  anterior  to  the  posterior  margins.  At  the  sides  there  is  a  rather 
indistinct  netlike  sculpturing.  The  thoracic  setae  are  wanting.  The 
rostrum  is  large,  and  is  broad  at  the  base. 

The  legs  are  rather  long.  The  fourth  and  fifth  segments  are 
much  narrower  than  the  basal  segments.  The  fourth  segment  is 
a  little  longer  than  the  fifth  segment.  The  third  segment  is  a 
little  over  one-third  the  length  of  the  second  segment.  The  seg- 
ments have  the  usual  spines  which  are  of  medium  size.  The  tarsal 
claw  is  of  medium  length  and  is  knobbed.  The  feathered  hair  has 
four  rays. 

The  abdomen  is  abruptly  acuminate,  with  rather  small  anal 
lobes.  The  striae  on  dorsum  number  from  sixty  to  seventy  and  are 
continued  to  the  ventrum,  where  they  are  less  widely  separated. 
The  ventral  setae  are  fine  and  of  medium  length.  The  first  pair 
are  a  little  longer  than  the  third  pair,  which  are  longer  than  the 
second  pair.  The  lateral,  genital  and  caudal  setae  are  fine  and  of 
medium  length.  The  accessory  setae  are  wanting.  Tlie  epigynium 
is  large  and  projecting. 

The  female  measures  about  two  hundred  microns  in  length  and 
seventy  microns  in  width. 

This  is  a  vagabond  species  and  is  found  in  association  with 
Eriofhyes  pyri  and  Phyllocoptes  scklechtendali  upon  the  under 
surface  of  apple  leaves.  It  is  not  as  abundant  as  the  two  latter 
species  but  it  is  quite  common  in  the  apple  orchards  in  the  vicinity 
of  Geneva  and  Canandaigua.     (P.  J.  P.) 
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EPITRIMERUS  PYRl,  NAL. 
Tegonolus  ptri.    Nalepa,  A.,  Aiit.  K.  Akad.  Wiss.  {Vienna],  38:162.    1891. 
Tegonolui  piri.    Nalepa,  A.,  N.  Acta.  Ac.  Leap.,  61:321.    1894. 
Trimerus  piri.    Nalepa,  A.,  Ans.  K.  Akad.  WUs.  [yienna\,  99:155.    1892. 
Epilrimerus  piri.    Nalepa,  A.,  Das  Tierreich,  Acarimt,  Eriophyidae,  p.  64, 

189S. 
Epitrimerus  piri.    Pakbott,  P.  J.,  Science,  N.  S.,  33:73.    1906. 

The  anterior  portion  of  the  body  is  broad,  with  the  abdomen 
abruptly  acuminate,  tenninating  in  two  broad  caudal  lobes.  The 
striae  on  dorsum  are  few  in  number  and  broad.  The  thoracic  shield 
is  short,  broad  and  triangular,  with  lateral  angles  often  gently 
rounded  and  the  anterior  portion  pointed  and  projecting  over  the 
head.  On  the  median  area  of  shield  there  are  three  nearly  parallel 
lines  which  extend  to  almost  the  anterior  and  posterior  margins. 
Laterad  of  these  there  are  a  number  of  short  irregular  linear  mark- 
ings.   The  dorsal  setae  afe  fine  and  short. 

The  legs  are  of  medium  size  with  tarsi  much  narrower  than  the 
other  segments.  The  distal  tarsal  segment  is  shorter  than  the  next 
tarsal  segment.  The  feathered  hair  is  small  and  has  four  rays. 
The  tarsal  claw  is  slightly  knobbed  and  as  is  usual  is  longer  than 
the  feathered  hair. 

The  abdomen  is  shcrt  and  tapering,  with  a  longitudinal  furrow 
on  either  side  of  the  median  area  or  dorsum  which  is  carinate.  The 
striae  on  dorsum  are  about  forty  in  number  and  are  broad  and 
punctured.  The  lateral  setae  are  fine  and  of  moderate  length.  The 
first  pair  of  ventral  setae  are  similar  in  form  but  are  longer.  The 
second  pair  of  ventral  setae  are  shorter  than  the  first  pair.  The  third 
pair  of  ventral  setae  are  prominent,  appearing  to  be  a  trifle  stouter 
but  somewhat  shorter  than  the  first  pair.  The  caudal  lobes  are 
large,  being  short  but  broad.  The  caudal  setae  are  of  medium 
length  and  rather  fine.  The  accessory  caudal  setae  are  apparently 
wanting.  The  epigynium  is  of  medium  size,  with  one  pair  of 
genital  setae  which  are  short  and  fine.  Dr.  Nalepa  gives  the  length 
of  the  female  as  150  microns  and  of  the  male,  130  microns.  Of  the 
many  specimens  which  have  been  examined  there  has  been  much 
variation  in  the  sizes  of  the  mites  which  is  perhaps  determined  by 
the  differences  in  the  ages  of  the  individuals  and  the  methods  of 
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treatment  in  the  preparation  of  mounts.  The  females  in  our 
mounts  vary  in  size  from  125-155  microns  and  the  males  112-135 
microns. 

PHYLLOCOPTES  SCHLECHTENDAU,  NAL. 
Pkyllocopirs   schlechlcndali.     Nalepa,   A.,   Alts.   K.   Akad.    Wiss.    {Vienna], 

37:3.     1890. 
Phyllocoptes  scMechiendali.     Nalbpa,  A.,  SUzber  K.  Akad.   Wiss.   {Vienna}, 

99:63.     1890. 
Phyllocoptes  schlecktendali.     Von  Schlechtendal,  D.     Zeilschr.  PHansen- 

krank,  5:5.    1895. 
Phyllocoptes  schlechiendali.     Nalepa,  A.,  Das  Tierreich,  Acarina,  Eriophyidae, 

p.  52-    1898. 
Phyllocoptes  schlecktendali.    Parkott,  P.  J.,  Science,  N.  S.,  33:73,  1906. 

Body  broadest  at  the  posterior  margin  of  the  thoracic  shield, 
with  the  abdomen  gently  acuminate.  The  striae  on  dorsum  of 
abdomen  are  conspicuously  coarse.  The  thoracic  shield  is  large 
and  broad,  and  projects  over  the  anterior  margin  of  the  body.  On 
median  of  the  thoracic  shield,  extending  from  the  anterior  to  the 
posterior  margins  are  a  number  of  somewhat  wavy  lines.  Laterad 
of  these  there  is  a  net-like  sculpturing,  which  is  more  or  less 
indistinct.  The  dorsal  setae  are  of  medium  length.  The  legs  are 
of  medium  size ;  segments  two  and  three  are  the  widest,  and  seg- 
ments four  and  five  are  nearly  equal  in  length.  The  segments 
have  the  customary  spines.  The  tarsal  claw  is  of  medium  length 
and  is  knobbed.    The  feathered  hair  has  four  rays. 

The  abdomen  is  broad  and  tapering.  The  striae  on  the  dorsum 
are  very  coarse  and  are  about  thirty  in  number.  The  ventrum  is 
finely  annulated  and  coarsely  punctured.  The  lateral  setae  are 
fine  and  of  medium  length.  The  first  pair  of  ventral  senae  are 
similar  to  the  lateral  setae  but  are  longer.  The  second  pair  of 
ventral  setae  are  shorter.  The  third  pair  of  ventral  setae  are  of 
medium  size  and  are  shorter  than  the  first  pair.  The  genital  setae 
are  fine  and  of  medium  length.  The  caudal  setae  are  of  medium 
size.     The  accessory  setae  are  wanting.     The  epigynium  is  small. 

The  female  is  one  hundred  and  fifty  microns  long  and  fifty-three 
microns  broad. 


New  Yokk  Agricultural  Experiment  Station.        331 

BIBLIOGRAPHY  OF  ERIOPHYES  PYRI  (PGST.)  NAL. 

TypModromut  pyri.    Scheuten,  M.  A.    Troschel's  Arch,,  1857,  p-  104. 

[Ibid,  Ann.  Mag.  Nal.  Hist,  19:—.    1857.] 
Phytoplus    pyri,     Pagenstecher,    H.    Al.       Verhandl.   Naturkitl.   Med.    Vtt. 
Heidelberg,  1:48.     1857, 
Walsh,  B.  D.    Proc.  Eat.  Soc.  Phil.,  6^85-7.    1867. 
Typklodromus  pyri.    Packard,  A.  S.    Guide,  p.  666.    i86g. 

Glover,  T.    E«t.   Record,    1872,  pp.   304-307,   fig.    la 

July,  1872. 
[Ibid,  U.  S.  Dept.  Agr.  Mon.  Rpt.] 
Glover,  T.    U.  S.  Dept.  Agr.  Rpt.,  1872,  P-  113- 
Thomas,  F.  A.  W.    Giebel's  Ztsckr.,  39:473.    1872. 
Phyloptus  Pyri.    Sorauer,  P.    Versamml.    Deut.  Nalurf.  «.  Aerttt.    1873,  p. 

133- 
Typhlodromus  Pyri.    Kaltenbach.  J.  H.    Pflanzenfeinde,  p.  204.    1874- 
Phytoplus  pyri.    Sorauer,  P.    Arb.  d.  Ver.  Pom.  Insl.  Proskau,  1877. 
Typhlodromus  pyri.    Murray,  A.    Econ.  Ent,  pp.  340,  362.    1877. 

Barnard,  W.  S.    Sd.  Amer.  Supplement,  No.  207,  p. 
3302.    Dec.  20,  1879- 
Phytoplus  pyri.    Burrill,  T.  J.    Card.  Mo.  and  Hort,  33:18-19.    1880;  s.  b.. 

No.  22,  pp.  177-178. 

[Ibid.    Amer,  Enl.,  ti.  s.,  1:26.    1880.] 
Typhlodromus  pyri.    Riley,  C.  V.,  and  Fuller,  A.  S.    Amer.  Enl.,  n.  s.,  1:26, 
Feb.,  18S0. 
Ibid.    1:74-    Mar.,  1880. 
Typklodromus  Pyri,     Taylor,  T.    Card.  Mo.,  33*5-86.     1880. 
Phylopius  pyri.    Taschenberg,  E.  L.     Praktische  Insekten-kunde,  pt  5,  p. 
158.    i88a 
Frank,  A.  B.    Die  Krankheiten  der  Pflaiuen,  p.  699-    1880. 
Garman,  H.  Rep.  III.  State  Ent.,  12:125,  140.     1882  (1S83). 
Ilbid,  Trans.  Dept.  Agr.  III.,  n.  s.,  13:125.    1882  {1883).] 
Osbom,  H.   Iowa  State  Hort,  Soc,  Rpt,  18:127-135.    1883. 
Osbom.  H.    Iowa  Agr.  Coll.,  Bui.  2,  p.  56.    18S4. 
McMurrich,  J.    Johns  Hopkins  Univ.  Circ,  14:  No.  35,  p. 

17.     1884. 
Hagen,  H.    Can.  Ent.,  17:21-29,  1885. 
Osbom,  H.,  and  Underwood,  L.  M.  Can.  Ent,  18:12.   1886. 
Typhlodromus  pyri.    Osbom,  H.,  and  Underwood,  L.  M,    Can.  Ent.,  18:12. 

18S6. 
Phytoptas  pyri.    Crawford,—.    Rept.  on  Fusidadiums,  Aust  1886.    p.  46. 
Sorauer,  P.    Pfla nzenk rank hei ten,  pt.  I,  p.  S14.    1886. 
Gillette,  C.  P.    Ann.  Rpt.  State  Hort  Soc.  Mich.,  i6«7. 

1886.     C1887). 
Webster,  F.  M.    Insect  Life,  1:363.    1889. 
Phylopius  piri,     Nalepa,  A.     Arts.  K.  Akad.  Wiss,   [Vienna],  16:162. 

Nalepa,  A.    Sitsber.  K.  Akad.  ffiss.  [Vienna],  99:50,  t  4.  f. 
I,  2.    189a 


332     Report  of  the  Department  of  Entomology  of  the 


fhytoptits 

Pkytoptus 


I'kjlaplus  pyri.    Onnerod,  E.  A.    Ins.  Inj.  Orch,  and  Bush  Fruits,  p.  127, 


Comstoek,  J.  H.,  and  Slingerland.  M.  V.     N.  V.  Cornell 

Sta.  Bui.  23,  pp.  103-107,  1890. 
Lintner,  J.  A.    Country  Gent.,  55:781.    Oct.  2,  1890. 
ortoiHM,  Phy.  cotoneastri,  Phy.  sorbi.     Canestrini,  G,     Atti  Soc. 
Vetteto  Trent.,  ia:i6,30,zi.    1890. 
aroniae.    Canestrini,  G.    Difesa  dai  Parassiti,  1:282.     1890. 
pyri.    Weed,  C.  M.    Insects  and  Insecticides,  p.  68.    1891. 

Beckwith,  M.  H.    Del.  Agl.  Exp.  Sta.  I^.,  1891,  pp.  89-90. 
Buckhout,  W.  G.    Penn.  Agl.  Exp.  Sta.  Rpt,  1891,  p.  183, 

(1892). 
French,  C.    Destr.  Ins.  Vict.,  pt.  r,  p.  119.     1891. 
Fletcher.  J.    Can.  Exp.  Farms  Rpt.,  1891,  pp.  198-200. 
Fletcher,  J.    Can.  Exp.  Farms  Rpt.,  1892,  p.  146. 
Slingerland,  M.  V.    Insect  Life,  5:104-106.     1893, 
Jolicoeur,  H.    Brochure  V.  Rheims.    July,  1892. 
Lintner.  J.  A.     Insect  Life,  5:105.     1892. 
Webster,  F.   M.    Insect  Life,  5:105.     1892. 
Smith.  J.  B.    Insect  Life,  5:105.    1892. 
Fletcher,  J.    Insect  Life,  5:125,    1892. 
Smith,  J.  B.    Rept.  State  Ent.  N.  J.,  1892,  pp.  389-512. 
piri.    Berlese,  A.    Riv.  Pat.  Veg.,  1:71-95.    1892. 

Schdyen,  W.  M.    Beretning  om  Skadeinsekter  og  Flantesyg- 
domme,  I,  1895. 
pyri.    Canestrini,  G.    Pros.  Acar.  Italiana,  pt.  5,  pp.  589,  636,  706. 

708.    1892. 
cotoneastri.    Canestrini,  G,     Pros.  Acar.  Italiana,  pt  5,  pp.  638, 

639-    1892. 
arianus,  Phy.  sorbi.    Canestrini,  G.    Pros.  Acar.  Italiana,  pt.  5,  p. 

708.    1892. 
pyri.    McCarthy,  G.    N.  C.  Agl.  Exp.  Sta.,  Bui.  92,  p.  99.    1893. 
Slingerland,  M.  V.     N.  Y.  Cornell  Exp.  SU.,  Bui.  61.  pp. 

31 7-328.    1893. 
Howard,  L.  O.    Insect  Life,  7:278.     1895. 
Canestrini,  G.    Pros.  Acar.  Italiana.  pt.  6,  p.  803. 803.    1894. 
Canestrini,  G.    Pros.  Acar.  Italiana.  pt.  6,  p.  775, 795, 


Phytoptus 

Phytoptus 
Phytoptus 
Phytoptus 
Phytfptus 

Phy  to  pus 

Phytoptus 


806.    1894. 

pyri.     Lintner,  J.  A.     N.  Y.  State  Ent  Rpt.  io:4S3-     1895. 
Sempers,  F.  W.    Inj.  Ins.,  p.  82.    1894. 
Fletcher,  J,     Can.  Exp.  Farms  Rpt,  1894.  p.  199- 
Washburn,  F.  L.    Ore.  Agl.  Exp.  Sta.  Bui.  33,  p.  16.    1894. 
Ormerod,  E  A.    Rpt.  on  Insects  and  Grain  Pests,  17^4. 

1894. 
Carpenter,   G.   H.      Roy.   Dub.    Soc.   Coun.   Rpt.,    1895,   pp. 

93-108. 
Fletcher,  J.    Can.  Exp.  Farms  Rpt..  1895,  PP-  i6o-i6r. 
Comstoek,  J.  H,    Manual,  p.  44.     1895. 


New  York  Agricultural  Experiment  Station. 


333 


Sajo,  Karl.    Zlschr.  PHanzenkrank.,  5:31.     iSgj. 
Ormerod.  E.  A.     Inj.   Insects,  iB;86.     1895. 
Gillette,  C.  P.    Col.  Agl.  Exp.  Sta.  RpL,  1896,  p.  145. 
Lodcman,  E.  G.    The  Spraying  of  Plants,  p.  336.     1896. 
Erintun%  pyrineum.    Frank,  A.   B.    Die   Krankheiten   der-  Pflanzen,  p.  48. 

1896. 
Phyloptut  pyri.    Craw,  A,    5th  Bien.  Rept.  Cal.  State  Bd.  Horl.,  1895-6,  p.  49. 
Smith,  J.  B.    N.  J,  Agl.  Exp.  Sta.  Ann.  Rpt.,  1897,  p.  407- 
Sehoyen,  W.  M.    U.  S.  Dept  Agr-  Eni.  Bui.  9,  n.  s.,  pp.  79, 
80.    1897. 
Briophyts  piri.    Nalepa,  A.  Das  Tierreich,  Acarina,  Eriophyidae,  p.  aS-   1898. 
Phyloplus  pyri.    Hedrick,  U.  P.    Utah  Agl.  Exp.  Sta.,  Bui.  55,  p.  161,  pL 
3,  4.  1898. 
Felt.  E.  P.    Country  Gent..  63:526.    1898. 
Gillette,  C,  P.     Col,  Agl.  Exp.  Sta.,  Bui.  47,  p.  20.     1898. 
Sanderson,  E.  D.    Farm,  Field  and  Fireside,  14  Jan.,  1899. 
Sanderson,  E.  D.     Green'i  Fruit  Grower,  Aug.,  1899. 
Carman,  H.     Ky,  Agl.  Exp.  Su.,  Bui.  80,  pp.  245-347.    1899. 
Coekerell,  T.  D.  A.    Ariz.  Agl.  Exp.  Sta.,  Bui.  33,  p.  294. 

1899. 
Lowe,  V.  H.    N.  Y.  Agr.  Exp.  Sta.,  Bui.  170,  p.  425.    1899. 
(Ibid,  revision,  1903.] 

Slingerland,  M.  V.    Rural  New  Yorker,  58:592.    Aug.,  1899. 
Craw,  A.    Cal.  Cultivator,  iS-7^-73-    Feb.,  1900. 
Fletcher,  J.    Can.  Expt.  Farms  RpL  1900,  p.  240. 
Cook,  A.  J.    Rural  California,  23:  No.  3.     Mar,,  190a 
Coekerell,  T.  D.  A.    Ariz.  Agr.  Exp.  Sta.,  Bui.  34.  pp.  83-84. 

June,  1900- 

Qose,  C.  P.    Utah  AgL  Exp.  Ste.,  Bui.  65.  pp.  75-76.    1900. 

Cooley,  R.  A.    Mont.  Agl.  Exp.  Sta,,  Bui.  23,  pp.  100-102. 

1900. 

Pyri,    Wickaon,  E.  J,    Pacific  Rural  Press,  61:339.    16  Nov.  1901. 

N.  B,    U.  S,  Dept  Agr.,  Veg.  Pathol..  Bui.  20,  p. 


Phyloptus 
Eriophyes 

Eriophyes  p 
Phyloptus  p 


r8o,    190a 
pyri.    Forbes,  S.  A.    111.  Agl.  Exp.  Sta.  Qrc  36,  p.  43,  fig.  33- 

July,  1 901. 

Ibid,  Trans.  III.  Hort.  Soc.,n.s., 36:142-154.    1901  (1902). 

(22nd  Rpt  111.  State  Ent) 
Connold,  E.  T.    Br.  Veg.  Galls,  p.  150,  pi.  59.    1902. 
Piper,  C.  V.    U.  S.  DepL  Agr.,  Farmer'a  BuL  153.  Pp.  ft 

31.    June,  1902. 
Gillette,  C  P.    Colo.  Agl.  Exp.  Sta.,  Bui.  71,  p.  40,  fig.  27. 

1902. 
Gillette,  C.  P.    Col.  State  Bd.  Hort.  Ann.  Rpt,  1901,  pp. 

SS-77.  fifs-  21-    1902. 
Wickson,  E.  J.    PaciHe  Rural  Press.  63:295.    May  3,  1902. 
Forbes,  S.  A.    Twenty-second  Ann.  Rept  HI.  State  Ent, 

1903,  p.  149-  I 


334      Report  of  the  Depastment  of  Entomology  of  the 

Phytofilus  pyri.    Cooley,  R.  A.    Mont.  Agl.  Exp.  Sta.,  Bui.  51,  pp.  228-231. 
1903. 
Washbum,  F.  L.    Minn.  Agl.  Exp.  Sta.,  Bui.  84,  p.  93.    1903. 
[Ibid,  8th  Ann.  Rqjt,  St,  Ent,  1903]. 
Wickson,  E.  J.    Pacific  Rural  Press,  65:2.    July  4,  1903. 
Sherman,  J.  F.    N.  C.  Agl.  Exp.  Sta.,  Bui.  183,  pp.  45-63. 

1903- 
Slingerland,  M.  V.    U.  S.  Depf.  Agr.  Ent,  Bui.  46,  pp.  69- 

73.  I  Pl-,  1904- 
Pettit,  R.  H.    Mich.  Agl.  Exp.  Sta.,  Sp.  Bui.  24,  p.  60.    1904 
Wickson.  E.  J.    Pacific  Rural  Press,  67:3.    July  25,  1904. 
Eriophyes  pyri.    Banks,  N.    Proc.  U.  S.  Nat  Museum,  98:104.    1904- 
Phytoptus  pyri.    Parrott,  P  .J.,  Beach,  S.  A.,  Sirrine,  F.  A.    N.  Y.  Agl.  Exp. 
Sta.,  Bui.  262,  pp.  39,  43.  67-    1905- 
Warren,  G.  F.    N.  Y.  Cornell  Exp.  Sta.,  Bui.  226,  pp.  334, 
340,  BuL  227,  p.  434-    1905- 
Eriophyes  piri.    Parrott,  P.  J.    Science,  2373.    1906.     Proc  West  N.  V. 
Hort  Soc.,  1906,  p.  76. 


izedbyGoOglC 


REPORT 


Horticultural  Department. 

U.  P.  Hedrick,  Horticulturist. 
N.  O.  Booth,  Assistant  Horticulturist. 
Richard  Wellington,  Assistant  Horticulturist. 
O.  M.  Taylor,  Foreman. 


TABLE  OF  CONTENTS. 


I.  Varieties  of  apples  for  New  York, 

II.  Varieties  of  strawberries,  with  cultural  directions. 

III.  Varieties  of  raspberries  and  blackberries,  witli  cultural  di- 

rections. 

IV.  The  renovation  of  worn-out  orchards, 


izedbyGoOglC 


,i.db,Googlc 


REPORT  OF  THE  HORTICULTURAL 
DEPAKIMENT. 


VARIETIES    OF   APPLES  FOR   NEW   YORK.* 


U.  p.  HEDRICK,  N.  O.  BOOTH  and  O.  M.  TAYLOR. 


"What  varieties  sliall  I  plant?"  There  is  no  question  more  often 
asked  by  fruit  growers.  Vast  amounts  of  time  and  money  are 
wasted  in  the  indiscriminate  testing  of  varieties.  For  most  part  in 
the  apple  industry  the  value  of  varieties  has  had  to  be  deter- 
mined by  actual  plantings  made  by  the  fruit  grower.  It  requires 
a  loi^  period  of  years  to  test  apples  and  with  the  many  sorts 
offered,  individual  efforts  in  this  direction  are  ineffectual,  and 
are  most  burdensome.  So  the  work  of  testing  varieties  has  been 
largely,  and  rightfully,  delegated  to  the  experiment  stations.  But  it 
is  impossible  for  an  experiment  station,  even  after  tlie  most  care- 
ful tests  on  its  own  grounds,  to  tell  in  advance  what  particular 
varieties  of  a  fruit  are  adapted  to  any  one  man's  conditions.  An 
experiment  station  can  be  helpful  in  this  respect  only  by  a  broad 
and  careful  study  of  the  distribution  and  behavior  of  varieties 
under  as  many  different  conditions  as  possible,  and  by  an  intimate 
first  hand  knowledge  of  them  on  its  own  grounds,  after  which  it 
ought  to  be  able  at  least  to  limit  the  choice  in  any  locality. 

It  is  the  purpose  of  this  bulletin:  First,  to  catalogue  the  apples 
that  are  grown  or  have  originated  in  New  York.  Second,  to  de- 
scribe briefly  the  sorts  listed.  Third,  to  define  the  several  dis- 
tinct horticultural  belts  in  the  State  and  to  name  the  varieties  of 
apples  that  can  be  most  successfully  grown  in  each.  It  is  hoped 
that  the  bulletin  will  serve  as  a  guide  to  those  who  are  planting 

*A  reprint  of  Bulletin  No.  275. 
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apples  and  in  particular  that  it  will  in  part  prevent  the  enormous 
waste  occasioned  by  continued  attempts  on  the  part  of  the  apple- 
grower  to  grow  varieties  which  are  not  adapted  to  the  regions  in 
which  they  are  planted.  The  Bulletin  answers,  as  best  this  Station 
can,  the  oft  asked  question  — "  What  varieties  of  apples  shall  I 
plant?  " 

The  basis  of  what  is  here  presented  is  Beach's  "  The  Apples  of 
New  York  "  prepared  by  this  Station  and  published  by  the  State 
Department  of  Agriculture,  The  condensed  descriptions  are  taken 
from  the  above  work  as  nearly  verbatim  as  the  condensed  form 
would  allow.  The  notes  in  the  column  of  remarks,  to  wliich 
attention  is  called  as  being  one  of  the  most  valuable  features  of 
the  Bulletin,  are  either  taken  word  for  word  or  are  direct  infer- 
ences from  the  text.  Much  of  the  materia!  for  "  The  Apples  of 
New  York"  was  obtained  through  correspondence  with  apple 
growers  in  all  parts  of  the  State.  Much  information  that  was 
given  by  correspondents  in  regard  to  the  adaptations  and  dis- 
tribution of  varieties  could  not  be  used  in  the  lai^er  work.  This 
is  being  made  use  of  in  this  bulletin,  in  making  up  the  list  of 
varieties  for  the  several  regions  outlined- 

THE  DISTRIBUTION  OF  VARIETIES  OF  APPLES. 

Plants  naturally  grow  in  communities.  Forests  illustrate  this. 
Several  species  having  common  necessities  grow  together.  But 
in  such  an  association  one  species  is  usually  most  prominent  and 
gives  its  name  to  a  community  —  oak  forests,  beech,  maple,  pine 
and  walnut  forests,  and  so  on.  The  natural  distribution  of  (Xie 
or  a  few  species  of  plants  in  these  communities  is  suggestive  to 
the  plant  grower.  It  signiEes  that  Nature  governs  the  distribution 
of  all  plants,  wild  or  domesticated,  according  to  their  vital  neces- 
sities; it  justifies  the  presumption  that  for  each  species  of  plants 
there  is  a  set  of  conditions  best  suited  to  it. 

In  agriculture  it  has  come  to  be  a  matter  of  common  knowledgfe 
that  success  with  any  crop  depends  largely  upon  its  being  grown 
in  an  environment  preeminently  well  suited  to  it.  Distinct 
classes  of  farming  land,  or  distinct  sets  of  conditions,  are  being 
devoted,  more  and  more,  to  special  crops.     It  is  true,  however. 
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that  some  plants  of  widely  different  species  have  similar  needs 
and  that  now  and  then  several  crops  may  grow  equally  well  on  a 
fann  in  association  or  in  a  rotation.  What  is  true  of  the  adapta- 
tions of  species  is  to  a  lesser  degree  true  of  varieties  and  these 
have  their  likes  and  dislikes  of  environment  which  may  be  quite 
different  for  any  two  varieties ;  or,  for  some  one  sort  may  be  quite 
opposed  to  those  of  the  species  as  a  whole.  Thus  one  variety  of 
a  crop  may  and  often  does  grow  in  a  region  almost  to  the  exclusion 
of  all  others;  as  the  Concord  grape,  the  Baldwin  apple  and  the 
Bartlett  pear  in  parts  of  New  York.  These  adaptations  are  so 
matlced  that  lists  of  plants  and  of  their  varieties  can  be  made 
which  thrive  or  do  not  thrive  in  any  region.  Such  lists  should 
be  valuable  guides  in  the  selection  of  varieties. 

In  a  very  general  way  it  may  be  said  tiiat  a  variety  is  adapted 
to  regions  having  about  tiie  same  latitude.  We  do  not  usually' 
expect  that  northern  varieties  will  succeed  in  the  South  or  South- 
west, nor  the  reverse.  Thus  New  York  apples  are  for  most 
part  of  local  or  of  New  England  origin.  This  adaptation  to  lati- 
tude seems  to  be  caused  by  length  of  season  rather  than  the  degree 
of  heat  or  cold.  Some  southern  varieties,  as  the  Ben  Davis  and 
the  York  Imperial  and  others,  are  as  hard)-  as  the  great  majority 
of  the  northern  varieties,  but  the  seasons  in  the  North  are  not 
sufficiently  long  for  the  fruit  to  mature.  On  the  other  hand  the 
King,  Northern  Spy,  and  most  other  northern  sorts  find  the 
southern  season  too  long  and  because  of  it  quickly  pass  through 
maturity  to  decay.  There  are  of  course  exceptions  to  this  law  of 
adaptability  of  varieties  to  regions  of  tlie  same  latitude,  best  known 
of  which  are  some  of  tlie  Russian  varieties,  as  Red  Astrachan, 
Yellow  Transparent  and  Oldenburg,  which  succeed  in  both  tlie 
North  and  the  Soutli. 

The  New  York  apple  grower  is  warranted  in  taking  a  very  con- 
servative attitude  in  regard  to  all  varieties  from  the  South  and 
Southwest.  Among  the  many  sorts  grown  commercially  in  the 
great  apple  region  of  the  Southwest,  the  Ben  Davis  is  the  only 
one  which  is  being  grown  by  the  commercial  apple  grower  of  New 
York  and  even  this  sort  grows  much  better  in  the  South. 

Another  important  fact  to  the  fruit  grower  is  that  there  are 
groups  of  apples  the  members  of  which  have  about  the  same  degree 
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of  suitability  to  a  region.  It  is  worth  while  to  consider  these 
groups,  their  formation  and  adaptations,  somewhat  more  closely 
than  we  have  done  with  the  varieties. 


THE  ADAPTATIONS  OF  GROUPS  OF  APPLES. 

Our  varieties  of  apples  have  descended  from  the  wild  apple. 
That  the  apple  now  varies,  sometimes  in  one  direction  and  some- 
times in  another,  can  not  be  denied;  and  so  it  has  done  since  the 
first  apple.  Now,  variations  eventually  mean  varieties.  Thus 
we  have  come  to  have  a  great  number  of  varieties  of  apples,  714 
of  which  are  described  in  this  bulletin.  But  the  difEerences  or 
gradations  between  varieties  are  not  equal.  Many  varieties  closely 
resemble  each  other  while  the  differences  between  others  are  so 
great  that  they  might  almost  belong  to  different  species.  There  are, 
too,  many  missing  grades.  By  recognizing  these  unequal  degrees 
of  likeness  we  may  divide  our  cultivated  varieties  of  apples  into 
natural  groups  putting  those  which  resemble  each  other  together. 
Such  a  classification  oug^t  to  become  a  formulation  of  varieties 
into  groups  in  accordance  with  their  blood  relationships  in  the 
descent  from  the  common  ancestor. 

Botanical  classification  has  searched  out  the  relationships  which 
the '  structure  of  the  apple  plant  and  fruit  indicate  and  has  ex- 
pressed them  by  dividing  the  apple  into  several  large  groups, 
species.  It  is  the  office  of  pomol(^cal  classification  to  subdivide 
such  of  these  botanical  species  as  are  of  value  to  the  cultivator 
into  smaller  groups  for  the  greater  convenience  of  the  pomologist. 
Chief  of  the  species  with  which  the  fruit-grower  is  concerned  is 
Pyrus  mcius  composed  of  a  thousand  or  more  of  our  best  known 
varieties.  As  has  been  said,  many  of  these  varieties  greatly 
resemble  each  other  and  these  may  be  put  together  in  large  groups, 
as  the  Fameuse,  Baldwin,  Ben  Davis,  Oldenburg,  and  Winesap 
groups.  Or,  in  some  cases,  the  variety  may  be  subdivided;  thus 
we  have  distinct  strains  of  the  Baldwin,  the  Twenty  Ounce,  the 
Gravcnstein,  the  Fameuse  and  the  Wealthy, 

It  is  worth  remembering  as  an  indication  of  the  present  trend 
of  pomology  that  when  the  domestication  of  plants  be^an,  interest 
centered  entirely  around  the  species.     There  were  no  varieties 
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nor  other  groups  within  the  species.  People  in  countries  but 
little  advanced  in  horticulture  still  give  attention  to  the  species 
and  wholly  or  largely  ignore  the  variety.  But  as  cultivation  of 
plants  has  advanced  and  as  we  have  come  to  know  them  better, 
groups  within  the  species  have  come  to  be  recc^nized.  Smaller 
groups  are  now  designated  by  names.  While  at  present  the  variety 
is  the  commonest  subdivision  of  the  species  yet  as  our  ideas  become 
more  refined  we  shall  make  more  use  of  .still  other  divisions,  as  the 
group,  higher  than  the  variety,  and  the  strain,  lower. 

But  the  chief  point  to  be  brought  out  in  this  discussion  is  that 
groups  of  varieties  have  adaptations  to  particular  conditions.  Thus 
there  are  groups  of  apples  for  certain  geographical  regions ;  as 
the  Winesap,  Romanite,  and  Ben  Davig  groups  for  the  southern 
apple  regions;  the  Fameuse,  Blue  Pearmain  and  Baldwin  groups 
for  New  York;  and  the  crab-hybrid  €'*oup.  represented  by  the 
Wealthy,  and  the  Russian  groups  for  the  North  Mississippi  Valley. 
This  development  of  groups  of  varieties  for  regions  having  diverse 
conditions  is  becoming  more  and  more  marked,  and  cognizance  bt 
it  must  be  taken  in  preparing  lists  for  the  several  pomological  dis- 
tricts of  New  York.  We  shall  find  it  of  great  advantage  to  discard 
whole  groups  of  apples  from  certain  districts  or  even  from  the 
State  itself.  It  is  time,  too,  to  emphasize  the  importance  to  the 
fruit-grower  and  to  the  nurseryman  of  considering  varieties  of  our 
fruits  in  their  natural  groups  whether  for  propagation,  distribution, 
culture,  marketing,  or  whatever  purpose. 

Before  proceeding  to  a  direct  application  of  this  matter  of  group- 
ing to  the  subject  in  hand  another  phase  of  it  is  worth  setting  forth. 
Varieties  which  belong  to  the  largest  and  best  differentiated  groups 
have  their  characters  most  strongly  fixed  and  are  prepotent  in 
transmitting  them  to  their  offspring.  '  Thus  seedlings  of  the  Ben 
Davis,  Fameuse,  or  Russian  groups  come  nearly  true  from  seed; 
the  varieties  of  these,  and  of  all  cosmopolitan  groups,  are  adapted 
to  many  diverse  conditions;  the  plant-breeJer  finds  them  more 
plastic  subjects  for  his  work;  and,  withal,  the  size  of  the  group, 
the  number  of  varieties  in  it,  is  an  indication  of  merit  in  a  number 
of  minor  respects  but  in  particular  that  it  indicates  potency  and 
power  of  adaptation.     Similarly  we  shall  find  upon  close  analysis 
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that  the  above  points  of  merit  are  to  be  found  in  varying  degrees 
in  varieties  which  have  strains  within  themselves. 

New  York  apple  growers  are  not  wholly  unacquainted  with  the 
arrangement  of  apples  in  groups.  In  "  The  Apples  of  New  York  " 
(1903).  Beach  has  made  12  groups  containing  54  varieties;  at  the 
State  fair  at  Syracuse  { 1905),  The  New  York  State  Fruit  Growers' 
Association  showed  14  groups  with  about  60  varieties.  This  Sta- 
tion has  shown  at  the  several  State  horticultural  meetings  of  the 
winter  of  1905-06,  32  groups  with  about  no  varieties.  All  of 
these  lists  have  been  worked  over  and  added  to  in  making  the 
groups  presented  here,  36  in  number  and  containing  278  varieties. 
Mr.  L.  A.  Goodman,  President  of  the  American  Pomolc^ical  So- 
ciety, is  largely  responsible  for  the  Romanite,  Ralls  and  Winesap 
groups  given  here. 

It  cannot  be  hoped  that  the  groups  given  are  all  perfect.  Without 
question  some  varieties  have  been  misplaced,  some  have  been 
omitted,  and  we  have  not  even  attempted  to  classify  the  great 
majority  of  the  sorts  listed  in  the  catalt^e,  having  no  fruits  at 
hand  nor  definite  data  from  which  to  work.  Besides  it  is  scarcely 
possible  that  a  wholly  satisfactory  classification  can  ever  be  made 
because  of  the  infinite  variation  in  the  varieties  themselves.  The 
groups  must  be  taken,  then,  as  tentative,  subject  to  modification 
upon  further  study,  and  presented  here  only  as  a  means  of  showing 
the  adaptations  of  varieties  rather  than  as  a  part  of  a  system  of 
classification. 

The  groups  are  founded,  for  most  part,  upon  the  characters  of 
the  fruits,  and  all  characters  have  been  considered  —  size,  form, 
stem,  cavity,  basin,  calyx,  color,  skin,  flesh,  core,  seeds,  flavor  and 
season.  It  has  not  been  possible  to  make  mudi  use  of  tree  char- 
acters, though,  could  it  have  been  done,  it  would  have  been  highly 
desirable.  In  giving  a  name  to  a  group  we  have  in  most  cases  used 
that  of  the  best  known  variety  in  the  group,  though  in  a  few 
instances  the  name  given  is  that  of  the  variety  which  seemed  to 
be  intermediate  in  character  between  the  other  members  of  the 
group. 
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GROUPS  OF  APPLES. 

APOKT  GROUP, 

Large,  handsome,  fall  apples,  coarse  in  texture  and  of  medium 
quality.  Some  members  of  the  group  are  adapted  to  all  parts  of 
New  York, 


Alexander, 

Bismarck, 

Judson, 

Iport, 

Constatitine, 

McMahon, 

vport  Orient, 

Great  Mogul, 

Thompson, 

irabskoe. 

Howard  Best, 

Wolf  River. 

lietisheiiner, 

BALDWIN  GROUP. 

Highly  colored,  long  keeping,  well  flavored,  rather  large  apples 
with  similarities  in  texture,  flavor,  form  and  color  markings.  Trees 
winterkill  in  the  northern  districts  but  are  well  adapted  to  all  other 
districts. 

Babbitt,  Olympia,  Sutton, 

Baldwin,  Red  Russet,  Tufts. 

BEN    DAVIS  GROUP. 

Rather  large,  bright  red,  coarse  and  solid  in  texture,  indifEerent 
flavor,  thick  skin,  shipping  well  and  keeping  well. 


Arkansas  Beauty, 

Dickinson, 

Gano, 

Arkansas  Belle, 

Eicke, 

Shackleford, 

Ben  Davis, 

Etris, 

Shirley, 

Black  Ben  Davis, 

Florence, 

Wallace  Howard. 

Coffdt, 

BLACK   GILLIFLOWER  GROUP. 

Medium  size,  dark  red,  oblong,  ribbed  apples  of  good  quality 
but  rather  dry  and  coarse  in  texture.  Less  hardy  than  the  Baldwin 
group.    Particular  as  to  soils. 

Black  Gilliflower,  Scollop  GilHflower,  Striped  GiUiflower. 

Lady  Finger,  Skelton, 

BLUE  PEARMAIN  GROUP. 

Somewhat  lai^e,  dull  red  with  bluish  bloom,  mild  flavor,  fair 
quality,  dense  texture  and  thick  skins.  Adapted  to  northern  con- 
ditions and  for  most  part  valuable  there  only. 
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Baxter, 

Jewett  R€d. 

Rutlcdge, 

Bethel, 

Mabie, 

Scarlet  Beauty, 

Blue  Pearmain, 

Monroe  Sweet, 

Stone, 

Du  Bois, 

Oel  Austin, 

Victoria, 

Gideon  Sweet, 

Perry, 

Windsor. 

CHENANGO  GROUP. 
Medium  size,  striped  red,  oblong  conic  apples  of  high  quality, 
peculiar  aroma  and  delicate  texture.     In  general  the  two  sorts  in 
this  group  succeed  where  the  Baldwin  can  be  grown, 
Chenango,  Stump. 

EARLY   HARVEST  GROUP. 

Summer  apples  of  medium  size,  pale  yellow  or  white  in  color, 
of  good  but  not  superior  quality  and  with  delicate  breaking  flesh. 
More  suitable  to  the  warmer  than  to  the  colder  portion  of  the  State. 
Cooper  Early  White,  Early  Harvest,  Parry  White. 


FAMEUSE  GROUP. 
Medium  size,  handsome  red  striped  apples,  roundish  oblate,  thin 
skinned,  of  high  dessert  quality,  and  pure  white  tender  flesh.  Its 
tendency  to  reproduce  true  from  seed  is  a  striking  peculiarity.  As 
a  group,  predisposed  to  fungus  troubles.  The  varieties  in  this 
group,  with  one  or  two  exceptions,  reach  their  highest  perfection 
in  the  North.  The  most  valuable  group  for  the  colder  portion  of 
the  State. 

Scarlet  Pippin, 


Boys  Delight, 
Canada  Baldwin, 
Fameuse, 
FameMse  No.  I, 


La  Vicloire, 
Mcintosh, 
St.  Lawrence, 


Shi 

Striped  Fameuse, 


HIBERNAL  GROUP. 

Probably  the  hardiest  apples.    Mature  in  a  short  season.    Russian. 
OstrakofE,  Ronma, 


Bogdanoff  Glass, 
Hibernal 


JONATHAN  GROUP, 

Medium  size,  handsome  red  apples  of  high  quality,  and  crisp, 

juicy   flesh.     Variable    in    adaptations.     Resembles    the    Baldwin 
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group.     With  one  or  two  exceptions  best  adapted  to  the  Eastern 
districts. 

Esopus   Spittenburg,  Kaighn,  Mother, 

Flushing  SpUienburg,  Manchester,  Red  Canada. 

Jonathan, 

KESWICK  GROUP. 

English  apples  of  unknown  adaptations  in  New  York. 
Keswick,  Lord  Suffield. 

LADY  GROUP. 
Very  small,  roundish  oblate,  dessert  apples,  handsome  in  color 
pud   sprightly   in   quality,   crisp,   juicy  flesh,   thin   skin,  and  good 
keeping  qualities.     Best  adapted  to  the  Hudson  Valley  and  Long 
Island  districts. 

Black  Lady,  Lady,  Sleight, 

Helen,  Large  Lady,  Star  Lady. 

Highland  Beauty,  Rose  Colored  Lady, 


LAWYER  GROUP. 

Medium  size,  verj'  hig^  color,  of  rather  dense,  medium  coarse 
texture  and  inferior  flavor.     Excellent  keepers.     From  the  South, 
but  Akin,  at  least,  is  worth  trying  in  the  milder  parts  of  New  York. 
Akin,  Lawver,  McAfee. 

LIMBERTWIG  GROUP. 

From  the  Southwest  and  not  adapted  to  New  York  conditions. 
Green    Limbertvig,  Red  IJmbertwig. 

LONGFIELD  GROUP. 

Russian,  and  can  be  grown  in  practically  all  parts  of  New  York. 
English  Pippin,  Longfield. 

LOWLAND  RASPBERRY  GROUP. 

Russian.     Adaptation  not  well  known  in  New  York.     Probably 
northern. 

Lowland  Raspberry,  Red  Wine, 

r=,.di.,  Google 
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newtown  spitzenburg  group. 
Medium  sized  roundish,  striped  apples  of  high  quality.    Running 
small  in  New  York  and  not  well  adapted  to  any  of  our  districts. 
Bethlehcmile,  Duncan,  Newtown    Spitzenburg. 

NORTHERN  SPY  GROUP. 

Large,  striped  red,  roundish  oblate,  ribbed,  delicate  bloom,  juicy, 
crisp,  fine  grain,  of  highest  flavor  and  quality.  Fastidious  as  to 
soils  but  probably  can  be  grown  in  congenial  locations  in  all  but 
the  coldest  portions  of  the  State. 

Arnold,  Melon,  Stanard, 

Doctor,  Northern  Spy,  Wagener, 

Hagloe,  Ontario,  Wagcner  Improved. 

OLDENBURG  GROUP. 

Medium  to  above  in  size,  variously  striped  with  red,  gener- 
ally ripening  in  fall  and  of  comparatively  short  season.  Tart, 
culinary  apples  with  but  few  dessert  sorts.  Russian.  Probably  the 
most  cosmopolitan  of  the  groups  here  listed  —  some  members  suc- 
ceeding in  all  parts  of  New  York. 

Ananamoe,  Falix,  Milwaukee, 

Autumn  Streaked,  Gladstone,  Okabena, 

Berkoff,  Glass  Green,  Oldenburg, 

Borovinka,      Golden  White  fPewaukee  type),             Pewaukee, 

Champagne,  Moadley,  Striped  Winter, 

Charlamoff,  Lead,  Yahmke, 

Crimean  (Pewaukee  type),  Lou,  Zettle. 
Dudley, 


Gravznsteik  SnCTtoN. 


Gravenstein. 


RALLS  GROUP. 

On  mature  trees  only  medium  to  below  in  size,  rather  dull  striped 
red,  of  superior  quality  and  texture,  keeping  late,  productive  to  a 
fault.    A  southern  group  not  adapted  to  northern  conditions. 
Doctor  Walker,  Fathei-  Abram,  Ralls, 

Ingram,  Milam,  Salome. 

RAHBO  CROUP. 
Only  medium  in  size,  roundish  oblate,  rather  dull  striped  red, 
good  quality.     Southern.     Adaptations  not  well  known  for  New 
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York,  though  some  members  of  the  group 
wanner  districts  of  the  State. 


Domine, 


Milden, 

Pennsylvania  Redstreak, 


Rambo, 
Wdb. 


RED  ASTRACHAN  GROUP. 
Summer  apples  of  above  medium  size,  crisp,  tart  and  of  good 
quality.     May  be  grown  in  all  parts  of  the  State. 

Anis,  Red  Astracban,  White  Astrachan. 

REINETTE  GROUP. 

With  few  exceptions  rather  lai^e  in  size,  of  green  or  yellow 
ground  color,  with  or  without  blush,  and  generally  of  good  quality. 
A  large  and  poorly  defined  group  which  is  here  divided  into  four 
sections.  Nearly  all  of  the  members,  with  the  exception  of  a  few 
in  the  Newtown  Section,  thrive  in  New  York.  Only  a  few  varieties 
of  this  group,  however,  succeed  in  the  northern  district. 


Albion, 
Boiken, 

Crowns, 
Ewalt, 

Elgin  Pippin, 
Fall  Harvey, 
Fall  Pippin, 
French   Pippin, 
Geneva  Pippin, 
(r)   Golden   Pippin, 


Fall  Pippin  Section. 
Greenville, 
Hawley, 
Holland  Pippin, 
Jack. 

Landsberg, 
I^high  Greening, 
Lowell. 
Magenta, 
Maiden    Blush, 


Newark  Pippin, 
Ohio  Pippin, 
Reinette  Pippin, 

Walker  Beauty, 
White  Pippin. 
White  Spanish  Reineiif. 
Winter   Banana, 
York  Pippin. 


Autumn  Swaar, 
Bottle  Greening, 
Canada  Reinette, 
Fall  Orange, 
Holland  Winter. 


RHODE  ISLAND 

Monmouth, 

Northwestern  Greening, 

Patten, 

Rhode  Island  Gretnin^, 


Sheddan, 

Sweet  Greening, 

Tobias  Pippin. 


Admirable, 

Relniont, 

Green  Newtown, 


Huntsman, 

Middle, 

Peck  Pleasant, 

Perry  Russet, 


Pickard   Reserve, 
(I)  Shannon, 
Slingerland, 
Yellow  Newtown. 


348      Report  of  the  HoRTicuLtuRAL  Department  of  the 

SWAAK  SECnOH. 

Mann,  Seneca  Favorite,  Swaar. 

ROMANITE  GROUP, 

Variable  in  size,  hig'hly  colored,  from  poor  to  good  in  quality, 
keeping  very  late.  Southern  apples  of  little  value  in  New  York 
with  the  possible  exceptitm  of  one  or  two  sorts  for  the  warmer 
districts. 


Biictinghim, 

Uisljgbiirj, 

Pennock, 

Fink, 

Miakler, 

Romanite. 

CUpta, 

Missing  Link. 

Stark. 

Gloilo*       ■ 

Nbo, 

York  Imperial. 

SOME  GROUP. 

Above  medium,  roundish,  handsomely  colored  apples  of  indiffer- 
ent quality,     Rome  only  succeeding  in  some  parts  of  New  York. 
Lankford,  Rome. 

RUSSET  GROUP. 

Ranging  from  small  to  above  medium  in  size,  russet  colored, 
with  peculiarly  fine-grained  dense  texture,  sprightly  flavor  and  good 
keeping  quality.  lUy  defined  as  to  adaptations  but  some  member 
succeeding  in  all  of  the  New  York  districts. 

Brownlecs,  Golden  Russet  (of  W.N.  Y.),  Roxbury, 

Bullock,  Hunt  Russet,  Sailee  Russet, 

Carpentin,  Long  Island   Russet,  Swazie, 

English   Russet,  Pomme   Grise,  Sweet   Russet. 

SUMMER  RAMBO  GROUP. 
Large,  attractively  striped  with  red,  roundish  oblate,  coarse  in 
texture,  and  of  average  quality,  ripening  in  early  fall.     Adapta- 
tions not  well  defined  for  New  York. 

Grosh,  Summer  Rambo,  Western  Beauty. 

SWEET  BOUGH  GROUP. 

Summer  or  fall  apples  of  sweet  flavor,  medium  to  lai^e  size, 
variably  conic,  good  quality.    Very  general  in  adaptations,  although 
some  of  the  members  cannot  be  grown  in  cold  localities. 
Autumn  Bough,  Fullerton  Sweet,  Sweet  Bough. 
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tetofsky  group. 
Summer   apples,   below    medium   in   style,    striped,   of  average 
quality.    Valuable  only  in  cold  climate. 

July,  Tetofsky. 

TOMPKINS  KING  GROUP. 

Early  winter  apples,  large,  attractively  striped  with  red,  variable 
but  symmetrical  in  form,  of  superior  quality  and  characteristic 
dense,  coarse  texture  and  aromatic  yellowish  flesh.  Especially 
suited  to  the  Western  New  York  districts,  but  succeeding  to  a  fair 
degree  in  all  except  the  most  northern  districts. 

Blenheim,  Hubbardston,  Ribston, 

FishkiU,  Palouse,  Tompkins  King. 

TWENTY  OUNCE  GROUP. 

Large,  late  fall,  broadly  splashed  red  apples,  roundish  in  form, 
of  good  quality  and  with  a  coarse  yellowish  aromatic  flesh.    Grown 
more  or  less  generally  in  all  but  the  most  northern  districts. 
Gjllamer,  Lyscom,  Twenty  Ounce. 

VANDKVESE  GROUP. 
Local  in  adaptation  and  confined  mostly  to  the  warmer  parts  of 
the  State. 

Ronk,  Vandevere. 

WEALTHY  GROUP. 

Fruit  undersized  on  old  trees.     Early  and  abundant  croppers. 
Hardy  and  adapted  to  all  of  the  apple  districts  of  New  York. 
PetcT,  Wealthy, 

and  several  Minnesota  seedlings. 

WINESAP  GROUP. 
Winter  apples,  medium  to  large  in  size,  dark  red,  rather  soli^ 
and  medium  fine  grain,  of  good  but  not  high  quality,  quite  good 
keepers.     A  group  belonging  to  the  South  and  West  and  of  small 
importance  in  any  of  the  apple  districts  of  New  York. 
Arkansas,  Oliver,  Winesap. 

Arkansas  Black,  Paragon,  Winter  Sweet  Paradise. 

Kinnaird,  Staytnan  Winesap, 
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YELLOW  BELLFLOWER  GROUP 

Medium  to  large  apples,  characteristically  oblong  conic,  pre- 
dominantly yellow,  with  a  large  somewhat  remarkably  open  core. 
Flesh  firm,  crisp,  aromatic  and  of  high  quality  for  culinary  pur- 
poses. Somewhat  general  in  distribution  throughout  the  State  but 
inclining  to  the  southern  and  wanner  districts. 

Barry,  Moyer,  Summer  Betlflower, 

Flory,  Newman,  Titus  Pippin, 

Kirkland,  Occident,  Yellow  Beliflower. 

Mason  Orange,  Ortle:^ 

YELLOW    TRANSPARENT    GROUP. 

Early  summer  apples,  of  medium  size  and  characteristically  thin 
skin  and  tender  flesh.    Russian.    Adapted  to  all  New  York  districts. 
Breskovka,  Thaler,  Yellow  Transparent. 

Red  Transparent, 

FACTORS  GOVERNING  DISTRIBUTION. 

A  knowledge  of  the  factors  which  govern  the  distribution  of 
plants  is  essential  to  a  clear  understanding  of  the  distribution  of 
varieties.  The  natural  factors  (there  are  economic  factors  as  well) 
which  most  largely  determine  the  characters  of  the  plants  in  any 
region  are; — Latitude  and  altitude;  temperature  of  air  and  soil; 
the  water  supply;  the  chemical  and  physical  properties  of  the  soil; 
and  air  currents.  To  these  might  be  added  insects  and  fungi  which 
often  help  to  determine  the  area  of  profit  for  a  fruit  or  its  varieties. 
But  parasites  are  so  largely  dependent  upon  the  other  natural 
factors  and  upon  the  host  plant  that  we  need  not  consider  them 
among  the  chief  factors  in  distribution. 

Latitude  and  altitude. —  Latitude  and  altitude  largely  determine 
the  annual  temperature,  amount  and  intensity  of  sunlight,  and  the 
length  of  the  growing  season.  We  shall  find  many  sorts  of  apples, 
as  those  of  the  Ben  Davis  and  Winesap  groups,  strongly  influenced 
by  latitude  and  altitude,  quite  aside  frcro  hardiness.  So  far  as  tree 
characters  are  concerned  Ben  Davis  and  Winesap  are  hardier  than 
many  varieties  far  better  adapted  to  northern  latitudes.  It  is  an 
important  fact  that  the  metes  and  bounds  of  latitude  are  often  set 
aside  by  local  modifications.    Thus  there  are,  in  all  parts  of  New 


New  York  Agricultural  Experiment  Station.        351 

York,  valleys,  large  or  small,  protected  from  cold  winds,  open  to 
sunshine,  free  from  fogs,  or  comparatively  free  from  frosts,  which 
have  advantages  in  these  respects  over  other  areas  better  situated 
as  to  latitude.  In  such  favored  locahties  adverse  influences  of 
latitude  are  offset  and  the  list  of  desirable  fruits  is  increased. 

Temperature. —  The  chief  factor  in  determining  the  distribution 
of  fruits  is  temperature.  Each  fruit  requires  a  certain  amount  of 
warmth  for  its  development  and  can  endure  but  a  certain  degree  of 
cold.  Investigations  conducted  by  the  Division  of  Biobgical  Survey 
of  the  United  States  Department  of  Agriculture  enabled  them  to  lay 
down  the  following  law  *  regarding  temperature  as  a  means  of  con- 
trolling the  distribution  of  plants  and  animals.  "  The  northward 
distribution  of  terrestrial  animals  and  plants  is  governed  by  the  sum 
of  the  positive  temperatures  for  the  entire  season  of  growth  catd  re- 
production, and  the  southward  distribution  is  governed  by  the  mean 
temperature  of  a  brief  period  during  the  hottest  pari  of  the  year." 
In  fruit-growing  it  is  found  that  the  distribution  of  fruits  and  their 
varieties  conforms  to  this  law  only  in  a  broad  and  general  way  and 
yet  sufficiently  closely  that  we  may  make  it  a  means,  as  accurate  or 
more  so  than  any  other  rule  that  has  been  laid  down,  of  studying 
the  relations  of  climate  to  the  life  events  of  plants  and  to  the  distri- 
bution of  varieties. 

The  fruit-grower  is  chiefly  concerned  with  the  annual  tempera- 
ture and  this  is  determined  by  latitude,  altitude  and  proximity  to 
large  bodies  of  water.  VariaticHi  in  the  surface  of  the  country  — 
hills  and  valleys  —  are  often  modifying  agents  of  temperature  and 
especially  of  spring  and  fall  frosts.  The  warmth-retaining  prop- 
erties of  the  soil  must  often  be  taken  into  account.  Beyond  all 
question,  the  last  named  factor  does  not  receive  sufficient  consid- 
eration and  we  shall  often  iind  that  the  adaptations  of  some  varieties 
of  fruits,  especially  of  grapes  and  peaches  and  of  some  apples, 
which  prefer  warm  soils,  as  sands  and  loams,  depend  largely  upon 
the  heat  in  the  soil. 

Water. — All  plants  are  very  sensitive  about  their  supply  of  water 
and  with  a  species  which  has  been  cultivated  as  long  as  the  apple 

•U.  S.  Dept  Agr.,  Biol.  Surv.  BoL  No.  10,  p.  54- 

Di.izedbyGoOglC 


352      Report  of  the  Horticultural  TiEPAxtitEitT  of  iSa 

it  could  not  be  otherwise  than  that  some  varieties  would  be  endowed 
with  constitutions  better  fitted  for  withstanding  drought  or  an 
excess  of  water,  than  others.  We  must  count  moisture  as  one  of 
the  chief  factors  influencing  the  distribution  of  varieties.  Not  only 
must  the  rainfall  be  taken  into  account  but  the  distribution  through- 
out the  year  must  be  considered.  The  amount  of  water  capable 
of  being  retained  by  a  soil  is  of  considerable  importance.  Strong 
dry  or  moist  winds  greatly  influence  the  supply  of  water  needed  by 
plants ;  this  is  as  true  in  winter  as  in  summer,  for  moisture  may  be 
evaporated  from  the  tree  tops  in  winter  by  a  dry  or  strong  wind, 
or  while  the  ground  is  frozen  so  that  tlie  normal  supply  is  cut  off 
from  the  roots,  and  winter- killing  thus  results.  The  Russian  apples 
are  well  adapted  to  withstand  the  last  named  condition. 

Soil. —  The  richness  of  the  soil ;  its  physical  characters ;  its  power 
to  retain  water ;  and  its  heating  properties  are  all  determinants  of 
special  adaptations  of  fruits  to  a  region.  But  it  is  not  sufficient 
to  know  that  pears  thrive  on  clay,  peaches  on  sand,  and  apples  on 
loamy  soils.  The  varieties  of  these  and  of  all  other  fruits  have  dis- 
tinct preferences.  Some  varieties,  as  the  Baldwin  apple,  Bartlett 
pear  and  Concord  grape  are  cosmopolitan  as  to  soils;  but  none  of 
these,  and  no  variety,  is  wholly  indifferent  to  even  slight  variations. 
One  of  the  most  important  matters  before  fruit-growers  in  the 
adaptabilities  of  fruits  and  their  varieties  to  soil. 

To  some  extent  we  can  grow  varieties  upon  soils  which  are  un- 
congenial to  them  by  grafting  upon  stocks  better  adapted  to  the  soil 
in  question. 

Air  currents. — Air  currents  are  of  minor  importance  compared 
witli  the  other  physical  factors  but  are  worthy  of  attention.  Winds 
are  beneflcial  when  they  bring  warm  air,  when  moisture  laden,  to 
keep  frosty  air  in  motion,  and  sometimes  for  the  suppression  of 
insects  and  fungi.  They  are  detrimental  when  too  dry,  too  strong,  or 
too  cold.  Natural  or  artificial  windbreaks  may  greatly  modify  the 
efEects  of  air  currents,  though  the  value  of  the  latter  is  usually 
over-estimated  as  their  benefits  are  often  offset  by  their  bad  effects. 


izedbyGoOglC 


New  York  Agricultural  Experiment  Station.         353 

FRUIT  LISTS  FOR  THE  SEVERAL  POMOLOGICAL  DIS- 
TRICTS OF  NEW  YORK. 

A  fruit  list  is  an  enumeration  of  the  varieties  which  will  thrive 
in  a  given  region.  All  fruits  when  grown  in  different  regions 
show  variations  in  size,  color,  keeping  quality  and  flavor  of  fruit; 
and  in  longevity,  vigor  and  productiveness  in  the  tree.  Fruit  lists 
take  into  consideration  these  variations.  They  show  locations  of 
dominance  of  the  various  varieties ;  classify  varieties  as  to  their  likes 
and  dislikes  of  soils;  and  indicate  the  susceptibilities  to  insect  and 
fungus  pests.  The  value  of  a  fruit  list  is  that  it  enables  a  fruit- 
grower to  specialize  more  closely  —  to  plant  to  better  advantage. 
Such  a  list  is  to  some  extent  an  attempt  to  tell  a  man  in  advance 
what  to  plant. 

A  fruit  list  must  not,  however,  be  looked  upon  as  infallible,  or 
fixed.  Far  from  it,  for  we  shall  never  have  sufficient  knowledge  to 
make  a  perffct  list;  new  and  better  sorts  will  continue  to  appear; 
and  lists  wiU  always  be  biased  by  the  prejudices  of  the  man  or  men 
making  them.  There  is  no  certainty,  either,  that  a  list  prepared  for 
one  region  will  be  adapted  to  another  in  which  the  natural  conditions 
seem  to  be  the  same. 

For  many  years  the  American  Pomological  Society  has  issued 
a  most  serviceable  catalogue  of  the  fruits  of  North  America  north 
of  Mexico.  Fruit-growers  regard  this  as  the  best  authority  for 
the  territory  covered  as  to  the  adaptability  and  value  of  the  varieties 
of  fruits  to  different  sections.  As  stated  in  the  last  catalogue,  "  The 
entire  territory  is  divided  into  nineteen  pomological  districts,  with 
little  regard  to  State  or  provincial  boundaries,  but  with  primary 
reference  to  the  influence  of  latitude,  elevation,  prevailing  winds, 
and  oceanic  and  lacustrine  exposures  upon  their  adaption  to 
pomological  pursuits."  This  catalogue,  while  valuable,  is  too  gen- 
eral. The  nineteeir  large  districts  need  to  be  subdivided  if  the  cata- 
logue is  to  become  of  much  service  to  the  fruit-grower  in  the 
selection  of  varieties  for  his  own  locality. 

As  a  great  horticultural  State,  and  because  of  the  diversity  of 

its  physical   features,  and  by  reason  of  the  various  atmospheric 

influences  to  which  it  is  subject.  New  York  is  in  need  of  a  fruit 

catalogue  to  serve  as  a  guide  in  the  selection  of  varieties  for  the 

23 
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various  physic^aphic  divisions  within  her  boundaries.  The  matter 
herewith  presented  is  the  beginning  of  such  a  catalogue  and  includes 
a  preliminary  list  of  apples  for  the  various  districts  of  the  State. 

The  State  of  New  York  may  be  divided  into  nine  primary 
poniological  districts  in  accordance  with  tlie  physical  geography 
of  the  State  but  more  particularly  with  reference  to  the  distribution 
of  its  plants,  both  wild  and  domesticated.  The  chief  authorities 
consulted  in  making  such  a  division  are  Tarr's  "  ITie  Physical 
Geography  of  New  York  State ; "  the  New  York  Weather  Bureau ; 
the  Weather  Bureau  of  the  U.  S.  Department  of  Agriculture;  the 
Natural  History  of  New  York,  Vol,  2,  "  Botany  "  by  John  Torrey ; 
the  horticultural  literature  of  the  State;  and  a  subdivision  of  the 
State  made  by  Beach  in  collecting  information  for  "The  Apples  of 
New  York." 

In  dividing  tlie  State  into  districts  but  little  attention  has  been 
paid  to  the  soils.  The  soils  of  New  York,  for  most  part,  have  been 
formed  by  glacial  action  and  have  been  carried  to  and  fro  by  the 
same  agency,  so  that  in  no  part  of  the  State  is  there  any  great 
degree  of  uniformity  in  soil  over  a  large  area.  Therefore,  though 
rec<^nizing  that  soil  is  important  in  determining  areas  of  profitable 
fruit-growing,  it  has  not  been  thought  best  to  rely  much  on  soil 
formation  in  laying  out  the  pomological  districts  for  the  apple. 

The  following  are  the  districts : 

Long  Island. —  This  district  is  composed  of  the  sandy  lowland  of 
Long  Island.  It  is  formed  by  a  low  plain  covered  witli  a  thick 
deposit  of  glacial  drift  in  which  sand  predominates.  The  varieties 
of  the  fruit  crops  cultivated  here,  and  especially  of  the  apple,  are  not 
distinctive.  The  limits  of  the  northern  and  of  southern  sorts  seem 
to  meet,  giving  a  great  number  of  varieties  for  the  district  and 
making  it  difficult  to  form  a  definite  list. 
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T  OF  Vakiehes  fob  Lokc  Island. 
,   cider;   d,   destert;   k,   kitchen. 


WORTHY  OF  TRIAL. 

RECOMMENDED. 

WELL   RECOMMENDED. 

Horn: 

HoMi: 

Hoke: 

AklD— d 

Autumn  BouBh— d  k 

Gr«n    and    Yellow    New- 

Ferdmtnd-d 

town— d  k 

HanUiuD— d  k 

CoxOr«BfI— d 

Jonalhao— d  k 

Domine— d  k 

P»try  White— d 

E»rlT  Hiirnt— d 

Ma»«t: 

E«lj  J«-d 

Baldwin— d  k 

Earlj  Slr»wberr7— d 

Faliawater— k' 

Maik<i: 

Green    and    Yellow    New- 

Ark>ni*>-k 

Enput  SpitMiHbtirt—d  k 

town— d  k 

Blsdc  Ben   D«vi.-fc 

Fanny— d 

llubbardaton— d  k 

Boiken-^ 

Garden  Royal— d 

Jonathan— d  k 

Ei.er— k 

Golden  RiiiKt— d  k  c 

Golden  Sweet— d 

I^AL  MAaurr: 

Grime.— d  k 

Fan  Pippin— d  k 

Hj-de  Kir.e-k 

Sweet  Bough— d  k 

Olympia— d  k 

Hawley— d 

bellow  Transparent- d  k 

Palou»e-d 

Holland  Pippin-k 

W«b«»h  Rid— d 

Jeffetia— d 

Local  Mmkit: 


Wmi.r  Banana— d  k 


Jtrtj  Sweet— d 
Keawick— k 

Lady— d 

Longfield— d 
Mother— d 


Eiopua  SHI:cnburg- 
Ci)  Golden  Pippin- 
Golden  Ruaaet— d  k 
Gravenaleln — d  k 
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List  of  Vaeietus  fob  Long  Island  —  Continued, 
c,  cider;  d,  dessert;  k,  kitchen. 


Oldenburg— It 

PumpkiTi  Swcct-^ 


Rome— k 

Stark— k 
Sntlon— d  k 
Svcet  Winesip— d  li 
Tompkins  King— d  k 


Stump— d 

Yellow   Bell  flower— k 

Hudson  Valley. —  The  region  on  botli  sides  of  the  Hudson  from 
Long  Island  to  the  Valley  of  Lake  George  in  Warren  and  Wash- 
ington counties.  The  varied  topography  and  the  several  geo- 
logical formations  giving  different  soils,  make  it  possible,  and 
probably  desirable,  to  subdivide  this  district  into  several  second- 
ary regions.  But  the  district  is  considered  as  one  in  the  horti- 
cultural literature  of  the  Stale ;  our  data  have  been  collected  for  the 
united  district;  and  since  it  would  complicate  the  work  of  making 
out  lists  very  greatly,  subdivisions  have  not  been  made. 

The  complexities  of  climate,  topography  and  soil,  however,  must 
be  kept  in  mind  in  using  the  table  of  adaptations.  Where  the 
region  touches  the  sea  shore,  and  for  several  miles  inland,  the  list 
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prepared  for  Long  Island  will  be  applicable.  In  the  northern  part 
of  the  region  and  the  high  ahitudes,  the  varieties  resommended 
for  the  Champlain  Valley  should  receive  consideration. 


List  of  Varieties'  for  Hudsok  Valley. 


WORTHY  OF  TRIAL, 


P«ry  White— a 


Black  Ben   Davii— k 


,  cider;  d,  dessert;   k,  kitchen. 

RECOMMENDED.  WELL    RECOMMENDED. 

Horn:  Haui: 

Autumn   Boufb — d  k  Eupui  SpUatHburc—i  k 
Bullock— d  Green    and    Yellow    New- 
Cox  Orange— d  town— d  k 
DoRiine— d  k  Jonatban—d  k 


Early  Strawberry — d 


Finny— d 

Garden   Roxal— d 

Graveiutein— d  k 

Golden  Russet— d  k  e 

Green    and    Yellow    New 

Golden  Sweet— d 

town— dk 

Grime^-d  k 

Haskell— d 

Hawley— d 

Lady  Sweet— d  k 

Holland  Pippin-k 

Rhode   Island   Grttnitit 

Jefferuh^ 

— dk 

Jersey    Sweet— d 

Sutton— d  k 

Keawick- k 

Sweet  WiAeMp— d  k 

Lady— d 

Twenty  Dunce— k 

Longfleld-d 

Mother— d 

Pomme  Grrse— d 

Porter— d  k 

Sweet  Bough— d  k 

PrlBiaEe— d 

Sunmet  Pearaiiio— d 

Swui— d 

Titu,  Pippin-d  k 

Tolinan  Swft-A  k 

Marengo— il  k 

Red  Siberian— k 
September — d  k 


B»rringer — d 
Ben   Davis— k 
Cooper  Market— k 
Knglisfa  Uu»el— d  c 
Fallawater— k 
(I)  Golden    Pippfn— d  k 
Goldeo  Ruue[~-d  k  c 
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List  or  Vaxiktixs  rot  Hudson  Vaiuy  —  Continued, 
e,  cider;  d,  dessert;  k,  kitchen. 

RECOUUENDED. 
MAiirr — Contituttd. 
Griniti     d  b 
Hclotodi— d 
Hihlnt  Bltuli-4 


Nortbero  Spy — d  k 

Oldenburi— k 
PnnifJiin  Sweet — k 
Red  AMricbui— d  k 


Rock  Pippin—k 

RoxbiuT — d  k 

Stvk— k 

Tompkini  Kioi— d  k 

Wiener— d  k 

Wulthy— d  k 

W«t6e]d   SnkHaFMTUtn 

— d 
Ynk  ImpcrU— d  k 


Ladr— d 
L(nKll-~d  k 
HcLellaa— d 


Stremked  Pippin — d  k 
Veltow  BellflowM— k 

St.  Lawrence  and  Champlam  Valleys. —  The  high  and  rolling 
land  tributary  to  Lake  Champlain  and  the  St,  Lawrence  river 
and  such  [arts  of  the  Adirondacks  as  are  adapted  to  apple-grow- 
ing. Three  divisions  could  well  be  made  of  this  district;  the  two 
valleys  could  be  kept  distinct,  each  to  include  only  the  area  of 
lower  land  adjacent  to  the  water;  and  the  third  to  be  the  high 
uplands  which  run  back  into  the  Adirondacks.  We  have  no  data, 
however,  which  indicate  that  lists  for  the  three  districts  would 
differ  greatly  and  we  have  therefore  included  them  as  one.  It  is 
hardly  necessary  to  say  that  only  the  hardiest  varieties  would  thrive 
in  the  high  uplands  and  that  in  favored  locations  near  ^e  water 
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some  of  the  more  southern  and  more  tender  sorts  could  be  grown. 
In  the  regions  near  the  lakes  and  the  St.  Lawrence  the  length  of 
the  growing  season  is  one  of  the  most  important  factors  governing 
the  suitability  of  varieties. 

List  of  Vjuueties  fob  St.  Lawrence  and  Chauplain  Valleys. 


;  cider;  d,  dessert;  k. 

kitchen. 

TOKTHY  OF  TRIAL. 

RECOMMENDED. 

WELL    RECOMMENDED. 

loui: 

Home: 

Houii 

Blue  Peartnajn— d  k 

Tolman  Swftt—i  k 

Fill  HirrtT— d 

Gideon  Sw«t— d  k 

Jewett  R-rd— d 

Makeit: 

Golden  Swett— d 

Lon«field— d 

B«ter-k 

Norlhern  Sweet — d 


St  LmwreDce-— d 


Hirengo— dk 

Scarlet  Pippin— dk 

Red  Sibefian— k 

Local  M> 

Tilovk«-k 

Betbel- 

Widdwi— d 

lAiriT! 

;         Whitney— d  k 

Yellow  Siberian-* 

Aretic— k 

Boikeu— k 

Masktt: 

Crinberry   Pippin— k 

Alexander — k 

Dudley— K 

BiwBarck— k 

Ei>er-k 

Conlt■nlinl^— k 

FiBlikill— k 

Gr>ven>»in-d  k 

Gideon   Eweel— d  k 

Hibfrnal-k 

Hyde  King-k 

MgUnda-k 

R«i    Aalrachsn— d  k 

Ontario— d  k 

Florence— k 

P«llen-k 

Hy.lop-k 

RutUdge— k 

Martha— d  k 

Starkey— d 

Wolf  River— k 

Local  Market; 

Mohawk  Valley. —  The  valley  of  the  Mohawk  from  Oneida  Lake 
to  the  Valley  of  the  Hudson.  This  district  is  one  of  indistinct 
boundaries  and  possibly  should  be  divided  into  the  Upper  Mohawk 
and  the  Lower  Mohawk  districts  in  which  case  the  Lower  Mohawk 
could  include  the  Schoharie  Valley  where  some  fruits  succeed  re- 
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tnarkably  well.  A  fruit  list  for  the  lower  Mohawk  would  include 
some  sorts  recommended  for  the  Hudson  Valley.  Hardiness  is  a 
prime  requisite  for  the  upper  Mohawk,  though  since  the  season 
is  somewhat  longer  some  varieties  can  be  grown  which  will  not 
thrive  in  the  district  to  the  North. 

List  of  Varieties  for  Mohawk  Vallev. 

c,   cider;   d,   drsscrl:   k,   kitchen. 


WORTHY  OF  TRIAL. 

RECOMMENDED. 

WELL    RECOMMENDED. 

Houi; 

Hone: 

Home: 

Hiuire— d 

Canada  Baldwin— d 

Esopus  SpiHtnburg  (Scho 

Hoidley— k 

Emly   flrawbcrr/— d 

harie  Valley)— d  k 

Golden  RU.SII— d  k  c 

Tolman  Swccl—d  k 

Mildcn-d  k 

Golden   Sweet— d 

Rolfe— k 

Jewett  J?(d— d 

Market: 

Scirtet  Pippin— d  k 

Alexandtr-k 

Tilovk.— k 

Pomme  Grise-d 

Esopui  Sl<ilieiib«rt  (Sclio 

harie  Valley)— d  k 

MAtKIT! 

Gibb— k 

Gravengtsin — d  k 

Arctic— k 

Marengo— d  k 

Red   Siberian— k 

Northern  Spy— d  k 

Boiken— k 

Oldenburg-^ 

Tranicendent- k 

Wealthy— d  k 

Cranbfrrj  Pippir  -k 

Whilney— d  k 

Dudltr— k 

Yellow  Siberian-k 

Ei«p-k 

Fiihkill— k 

Markbt: 

Grosh-k 

Baldwin— d  k 

Hyd.  King-k 

Baxter-  k 

Olympi.— d  k 

Golden  Russet — d  k  e 

Starkey— d 

Kirkland— k 

Sutlon— d  k 

Lady   Sweel-  d  k 

Wolf  Riv*t-k 

Red  Astrachan— d  k 
Red  Canada— d  k 

Local  Ha»et: 

Rhode      Island      Griini, 

"« 

Winter  H..,.na-d  k 

-d  k 
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Eastern  Plateau. —  The  Catskills  and  the  high  plateau  to  the 
west  reaching  to  the  basin  of  the  Central  Lakes.  The  western 
boundary  of  this  region  cannot  be  drawn  with  definiteness  but 
the  eastern  boundary  is  well  drawn  being  the  highlands  overlook- 
ing the  Hudson  Valley.  Both  the  wild  and  the  cultivated  flora  in 
this  great  region  are  variable  in  its  different  parts  and  in  accordance 
with  these  dififerences,  and  to  agree  with  the  topography  of  the 
district,  several  subdivisions  could  be  made.  But  it  is  an  agri- 
cultural belt  rather  than  a  pomological  one,  though  the  apple  suc- 
ceeds remarkably  well  in  some  valleys,  and  apple  growing  is  not 
sufficiently  well  developed  to  furnish  data  for  reliable  lists  for  all 
possible  districts.  The  varieties  named  in  the  lists  given  are  those 
which  succeed  well  under  many  conditions  and  especially  those  of 
a  somewhat  adverse  climate  since  so  much  of  this  district  is  moun- 
tainous or  high  and  therefore  cold. 

List  of  Varieties  fob  Eastern  Plateau. 
c,   cider;   d,   dessert;   k,   kitchen. 


WORTHY   OF 

TRIAL. 

RECOMMENDED. 

WtLL    RECOMMENDED. 

Horn: 

Hour: 

Home: 

HilBlrc— d 

HMdl»y— k 

Early    Strawbetry— d 

Golden  Rusaet— d  k  e 

Ma»mt^ 

Milden— d  k 

Coldfn    SwFFt— d 

Holtc-k 

H«.kell— d 

Empus  Spii2cnburg—d  k 

Sciilet  Pippin 

-d  k 

llawlcx— d 

Hiibbardaton— d  k 

Jer«y  Sweft-d 

McInlOJh— d 

Victori.— d  k 

Jonathan— d  k 

Northern  Spy— d  k 

Rhode      laUnd      GftniKt 

MAKin: 

Pomme   Grise— d 

— d  k 

Alcundcr— k 

Swa.r— d 

Bimu-ck-k 

Tolman  Saeil—d  k 

Boikcn— k 

Stptetnber — d  k 


Local  Maiut: 
Peue— d 
Winter  BaiuDa— d  k 
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List  op  VAuenES  fok  Eastern  Plateau — Conlinued. 
c,  cider;  d,  dessert;  k,  kitchen. 
RECOUMENDED. 

Oldenburj — k 
Fumpliin  Sweet— k 
Red  AitTkchao— <l  k 
Red  Cuuda — d  k 

Roiburjr— d  k 

SUrk—k 

Tompkin*  King — d  k 

W«aen*r— d  k 

We«ltbr— d  k 

Weitfield   Sfit-Nti-Furthtr 


Local  Majieit^ 


Central  Lakes. —  The  great  basin  in  which  Ue  the  Central,  01 
Finger,  Lakes,  a  region  of  very  indefinite  boundaries  the  fruit 
lands  of  which  lie  for  most  part  in  the  lower  and  more  level  lands 
near  the  lakes,  A  glance  at  the  accompanying  list  of  apples  will 
give  an  idea  of  the  importance  of  this  district  in  the  apple  industry. 
Unusually  favorable  conditions  prevail  in  this  and  in  the  district 
to  the  north  for  the  growth  of  the  apple  and  especially  favorable 
in  the  matter  of  climate.  This  and  the  following  district  comprise 
for  most  part  what  is  known  as  the  Western  New  York  apple  belt 
—  far  famed  for  the  quality  ani  quantity  of  the  product. 

One  of  the  chief  assets  of  the  Western  New  York  apple  belt, 
as  has  been  indicated,  is  hs  climate.  The  climate  as  a  whole  is  one 
of  comparatively  uniform  temperatures  and  with  well  regulated 
conditions  of  humidity,  both  brought  about  by  the  large  deep  bodies 
of  water  in  or  adjoining  the  districts,  A  wide  range  of  varieties 
is  adapted  to  both  districts,  but  nevertheless  a  few  sorts,  in  a  com- 
mercial way  at  least,  have  gained  and  maintain  the  lead. 
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List  of  Vakieties  fob  Cinisal  Laxxs. 

c,  cider;  d,  deuert;  k,  kilehen. 

WORTHY  OF  TRIAI.  KECOUUENDED.            WE1.L  BECXJHHENDED. 

Horn:  HoKS:                                       Ham: 

Akin — d  AnIOBio  Bough — d  k                 L>u  SbrmwbcnT — d 

Cox  Onac«~-d  E»rly  Hwreat — d                     M...Tr. 

Htodlcy-^  E«rl7  Joe— d 

Lonbe— d  Zai'lj  StnwberiT — d 

MtldeB— d  k  Ekpui  SpitMtuburt—d 

P«T7  White— d  F.nn]F— d 

Scarlet  Kppin— d  k  Garden  Kara! — d 


GravEMteln — d  k 


Golden  B 

Golden  Sweet— d 
Hadcel)— 4 

Hawley— d 


Keawlck—k 
Longfield — d 
Mother— d 


Red  C 
Roxbury — d  k 
Sweet  Wineup— d  k 
Tompldni  King — d  k 
Twenty  Ounce— k 
Rhode      Iiland      Griit 


Tolman  Smtt—i  k 


-,    .     „,         .  Pottei — d  k  Local  Uaikst: 

K?!*T  ^t!i  Prinute-d  Fall  Kppin— d  k 

^]^^^^^^  Seneca  tavorile—d  Sweet  Bou^i—d  k 

f.. ™  ^  i,  Sannner  Pearmain— d 

^r^^i,  Swur-d 
Ontario— d  k 

Wabaih  Red— d  cia»ahij«: 

Wolf  BiTer— fe  Gihb— k 

,  „  Mareneo — d  k 

^  "*«-"=  Red  Siberian-k 

^™~\  September— d  k 

^^Ti,  J  ,  Tranacenden^-fc 

Winter  B««na-^  k  whitne,-d  k 

YeHow  Siberian— k 

Ben  Divii— k 
Empua  SpiUtnburt—d  k 
(O  Golden  Hppla— d  k 
Golden  Russet— d  k  e 
L»dy   Sweet— d  k 
Maiden  Blush— k 
Mann— k 
Oldenburg— k 


ExceMor — d  k 
Ftoreoee — k 
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List  of  Varieties  fob  Centsal  Lakes  —  Continued. 

c,   cider;   d,   dessert;   k,   kitchen. 

RECOMMENDED. 


Slump— d 

Yellow  Btllflower— k 

Yellow  Truuparent— d  Ic 

Ontario  Shore. —  The  plain  afong  the  shore  of  Lake  Ontario 
from  the  valley  of  the  St.  Lawrence  to  the  Niagara  River,  extend- 
ing from  the  Lake  on  the  north  a  distance  of  several  miles  inland 
to  an  escarpment  of  limestone  in  the  neighborhood  of  600  feet  in 
height.  The  plain  is  broken  up  by  a  series  of  parallel  hills  —  the 
drumlins  of  the  geologists.  It  differs  from  tlie  preceding  district 
chiefly  in  the  matter  of  soils.  Several  distinct  types  of  soils  to 
be  found  in  the  Ontario  Shore  district  seem  to  be  well  suited  to 
the  apple.  For  most  part  the  soil  is  sandy  or  loamy,  easily  drained 
and  worked.  Soil  and  climatic  conditions  are  such  that  trees  are 
large,  productive  and  long-lived  and  the  fruit  is  of  excellent  quality. 
The  list  of  varieties  is  largely  (he  same  as  that  recommended  for 
the  preceding  district. 


WORTHY   OF  TRIAL. 


Coi  Orsnge— d 

HoadJey— k 
Louise— (i 
Milden— d  k 
Parry    White— d 
Scarlet  Pippin— d  1 
Skank— d 
Victori»-d  k 


Varieties  for  Ontakio  Shore. 

icr;  d,  dessert;  k. 

kilch 

c«. 

RECOMMENDED 

WELL    ..-COMMENDED. 

Autumn  Bough— d  k 

Alenander— k 

Early    Harveal— d 

Baldwin— d  k 

Esrly  J(«— d 

Grevenstein— d  k 

Early  Surwberry- d 

Hubbardston— d  k 

Mclntotk— d 

Fanny— d 

Northern  Spy-d  k 

Garden  Royal— d 

Oldenburg— k 

Genesee  Flower— Ic 

Pumpkin     Sw«t— k 

Golden  Russec— d  k 

Red  Canada— d  k 

Golden  Sweet— d 

Rhode      Island      GrentH 

Haskeli—d 

— d  k 

Hawley-d 

Raxbury— d  k 

Jefferis— d 

Sweel  WineMp— d  k 

Ke.»kk-k 

Twenty   Ounce-fc 

Wealthy— 4  k 

uylc 
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List  of  VxRiEnES  pot  Ontario  Sbokx  —  Continued. 
c,  t\der;  d,  dessert;   k,  kitchen. 
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WORTHY   OF  TRIAI- 


RECOMMENDED.  W  r.LI,   R&COMMEI 


Hjrde  King-^ 
Lee  Sw«^-fc 
Olympia— d  k 
Ontario — d  k 


r   PearmBin— (] 
-d 


Local  Mahhkt: 


Boikcn— k 
Cooper   Market — k 
Esopu*  Sfiatnbtirg — 1 
<i)  Golden    tippin — c 
Golden  Rueset— d  k  c 
Ladr  Sweet— d  k 
Maiden  Bluih—k 
Mann— li 


Wotfield   Sfek-No-FuTlhtT 


Jacob!  Sweet — d 
Lowell— d  k 

McI^EIan— d 
Melon— d 

Yellow  Bell  flower- 
Yellow  Transparei 


Erie  Shore. —  The  plain  along  the  sliore  of  Lake  Erie  from  the 
Niagara  River  to  the  western  boundary  of  the  State,  a  very  narrow 
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strip  of  land  bounded  on  the  south  by  a  high  escarpment  and 
gradually  descending  beneath  the  lake  level  on  the  north.  This 
district  is  largely  given  up  to  grape  growing  and  it  lias  been  exceed- 
ingly difficult  to  secure  sufficient  data  from  which  to  form  a  list 
of  apples. 

List  op  Vaiieties  fok  Ebu  Shore. 
e,  eider;  d,  dessert;  k,  kitchen. 


WORTHY  OF  TRIAL. 

RECOMMENDED. 

VkTELL    RECOUUENDED. 

Hdhe: 

Horn: 

Maiui: 

COK  Oringe— d 

Autumn  Bonsta— d    k 

Hodley-k 

Early  Hlrveit— d 

Louiie— d 

EirlT  Joe— d 

MIIdeii--d  k 

Early   Strawberry— d 

Pwry  White— d 

Ewpui  SpitHnburt~i  k 

Pumpkin    Sweet-k 

Rhode      lilaod      Gr*tm»t 

'  Gwden   Royid— d 

— dk 

Haur: 

Rcaburj— d  k 

Golden   Sweet— d 

Wealthy— d  k 

Bltmarck— k 

Hukell— d 

Boiken-fc 

H.wley— d 

LowlM*.™. 

J.fferi.-d 

Fall    Pippin— d  k 

De«eoo  Jooet-k 

JetKy  Sweet— d 

Elm— k 

Grort-t 

Lite    Strawberry— <l 

Hrde  Kini-k 

Mothei— d 

GlFapto-d  k 

Pomme  GrEie— d 

PrliMte— d 

Hom: 

WmbMh    Red— d 

Tohnwi  S«*>t—i  k 

Wolf  Sifai-4 

Local  Uuznt 

Gibb-k 

PMie— d 

Red  Siberiui^t 
Seplembei— d  k 

Whltaer— Ik 

Northern  Spy— d  k 
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List  of  Vakieties  for  Ebie  Sbobe  —  Contmued. 
c,  eider;  d,  dessert;  k,  kitchen, 
RECOMMENDED. 
Mamer: 

Tweotjr  Ounce— k 
W>gciKr — d  k 

Weilfistd  ■  Stek-Na-Furtber 


Ejtcetaioi'— d  k 
Florttice— k 
Hj»lop— fc 
Manh*— d  k 

Local  Hueet: 
Ch«l»ngo-~d 
Jwoba  Sweet — d 
Lowell-a  k 


Yellow  Tr»n«parent — d  k 


Western  Plateau. —  The  high  plateau  to  the  south  of  the  Ontario 
and  Erie  Shores  and  west  of  the  Central  Lakes.  This,  like  the 
Eastern  Plateau,  is  a  region  of  indefinite  boundaries,  varied  topo- 
graphy, and  relatively  of  smaller  importance  in  the  apple  industry 
than  the  neighboring  districts.  Here  again  it  has  been  difficult  to 
get  sufficient  data  upon  which  to  base  a  list  and  it  has  been  necessary 
to  resort  to  some  extent  to  making  comparisons  as  to  the  behavior 
of  varieties  in  other  districts  where  conditions  seem  to  be  much 
the  same. 

List  of  Varieties  for  Western  Plateau. 
C,  cider;  d.  dessert;  k,  kitchen. 


WORTHY   OF  TRIAL. 

RECOMMENDED. 

WELL    RECOMMENt 

Houi: 

Home: 

Makeet: 

CoE  Orulge— d 

E»rlV  H»rve.t— d 

Baldwin— d  k 

Earlr  Joe— d 

Hubbarditon— d  k 

Loulie— d 

Early  Strawberry— d 

Rhode    Island    Crttn 

Milden— d  k 

E>opuB  SpilMtnl»iri—A  k 

Parry  While— d 

Fanny— d 

Roxbury— d  k 

Victoria— d  k 

Gardto  Rpyal— d 

Tompkiiu  Kins^-d  k 

Genesee  Flov-et— k 

Sweet  Wioeaap— d  k 

Uubt: 

Oolden   Huuet— d  k  e 

lUakeil- d 

LocAi  Maeeet: 

BabUtl— k 

Hawley— d 

TM  Hppin-d  b 

Late  SlrawberrT— d 
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List  of  Varieties  eor  Western  Plateau  —  Continued, 
c,  cider;  d.  dessert;  k,  kitchen. 


WORTHY   OF  TRIAL. 


:t— k 


Hyde  Kinf 
Lee  Si 
OlTmiai — d 
P«l<iu»e — d 
Sutton— d  k 
Wibufa  Red- 
Wolf  Rivet- 


LocAL  Miukt: 

Winter  BaDoni— d  k 


RECOMMENDED, 
Houa: 

Motber— d 

Pomme  Grise— d 
Porlei— d  k 


Gibb-^ 
Mtreneo— d  k 
Red  Siberian— k 
September — d  k 
Ti  uucendent — k 
Wbitner— d  k 
Yellow  SIberUn-k 

Esopul  Sfiillinburt—i  k 

(i)  Golden  Pippin — d  k 
Golden  Rusict — d  k  c 
GraTCniteio — d  k 
L»dy  Sweet— d  k 
McTnlosh— -d 
Maiden  Bluah-^ 
Maon— k 
Nortbern  Spy — d  k 


Wagener— d  ic 
Wealthy— d  k 
Westfield    SttkNoFHrlkn- 


Local  Maiket: 
Chenango — d 
Lowell— d  k 
McLeltan— d 


Sweet  Boafih— d  k 
Yellow  Beliflower-k 
Yellow  Tranaparenl— d  k 
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VARIETIES  DISCARDED  AS  UNWORTHY  A  PLACE  IN 
"  THE  APPLES  OF  NEW  YORK." 
A  catalogue  of  the  apples  of  New  York  is  not  complete  without 
a  list  of  varieties  discarded  as  unworthy  of  consideration.  Such  a 
list  becomes  a  historical  record  which  may  serve  to  prevent  the 
wider  distribution  of  the  black-listed  sorts,  the  multiplication  of 
synonyms,  the  reintroduction  of  the  worthless  sorts  at  some  future 
time,  and  to  serve  in  the  comparative  study  of  the  apple.  The 
varieties  listed  are  those  which  are  grown  either  on  the  Station 
grounds  or  in  some  part  of  the  State  and  therefore  were  eli^ble  to 
discussion  in  "The  Apples  of  New  York;"  the  list  is  not  a  sys- 
tematic collection  of  unworthy  sorts  for  the  whole  country. 


Vakhties  Discabded. 


Ananamoe, 

Bancroft, 

Blood  Red  (crab). 

Champaign, 

Charlock  Rdnette, 

Crimean, 

Daddy, 

Dickens  Sweet, 

Early   Melon, 

Glass  Green, 

Golden    Winter    Pe 

Hogg), 
July  Ouster, 
Late  Duchess, 
Letitz, 
Manwaring, 


Mellott, 
Melonen, 
Mzensk  Sweet, 
Old  Century, 
Persian  Bogdanoff, 
Rebel, 
Sankermanky, 

Smelling:, 
Striped  Winter, 
Summer  Red  Calville, 
Sweet  Roman  ite, 
Vochin  Crimean, 
Voronesh  Rosy, 
White  Doctor, 
WiUiam  Prince. 


VARIETIES  NOT  SUFFICIENTLY  TESTED  TO  FIND  A 
PLACE  IN  "THE  APPLES  OF  NEW  YORK." 
To  complete  the  survey  of  contemporary  varieties,  it  is  worth 
while  adding  a  list  of  the  sorts  now  on  the  Station  grounds  which 
have  not  been  sufficiently  tested  to  warrant  publication  of  their 
qualities.  This  list  neither  recommends  nor  condemns  the  varie- 
ties mentioned.  The  names  published  are  those  under  which  the 
trees  have  been  received  and  until  tested  further  the  Station  cannot 
"ouch  for  their  correctP*<"i, 
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Alabama, 
Alegerienne, 
Alice, 

American  Best, 
American  Codling, 
Anis  Rose, 
Armorel, 
Ashton, 

Axident, 

Barnes  Choice, 

Barton, 

Battyana, 

Bayard, 

Beauty  of  Bath, 

BerkoS, 

Bloomfield, 

Blushing  Bride, 

Bostick  Queen, 

Brackett, 

Bramley, 

Brown, 

Buda  Summer, 

Calville  de  OulIJns, 

Centennial, 

Challenger, 

Cheshuni, 

Geopatra, 
Colonial  Pippin, 
Counsellor  Niemetz, 

Dam, 

De  Chataignier, 

Delicious, 

D'  Eve, 

Dona  Maria, 
Draper  Best, 
Eicke, 

Eper, 
FiUepasable, 


Apples  not  fullv  Testkd. 

Frosakers, 
Gascoyne, 

Gerard, 
Gimmersta, 
Golden  Noble, 
Golden  Nonpareil, 
Golden  Pearmain, 
Gold  Ridge, 

Graf  Luxbury, 

Grand  Duke  Michels  Pearmain, 

Halt. 

Hanlon  Sweet, 

Headlight, 

Hedrick, 

Henry  Qay  Summer, 

Hohenheimer, 

Houghton, 

Houghton  Sweet, 

Huntereon, 

Hume. 

Teanne  Hardy. 

Jersey  Blue, 

John  son  ite, 

Jones, 

Keskemet. 

King  David, 

King  of  Pippins, 

Lady  Sudeley, 

Lancaster. 

Large  Yellow  Pippin, 

Legal  Tender, 

Lombard, 

Longevity, 

Ijingkeeper, 

Lord, 

McCrosky, 

Magnolia, 

Magyar, 

Mexico. 

Mihalyli, 

Modk, 
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Apflis  not  ruLLY  Tested — Concluded. 


Mon  Desire, 
Moore  Extra, 

Munroe  Favorite, 

Nichner  Strawberry, 

Noble  Sovar, 

Norton  Red, 

Nyari  Piros, 

Nyari  Vaj. 

Oak, 

Oberly  Late  Keeper, 

Old  Garden, 

Olga, 

0  ramie, 

Oszi  Vaj., 

Ozone, 

Paul  Lons. 

Peach  Blow, 

Perry, 

Prince  Double, 

Prince  Rudolph, 

Prince  Rudolph  Imperial, 

Princess  Fossia, 

Princess  Wilhelma  von  Freussen, 

Purity, 

Queen  of  the  West, 

Red  Carver, 

Reders  Gold  Reinelte, 

Red  Paradise, 

Red  Queen, 

Red  Statin er, 

Regmalard, 

Richard  Early  Winter, 

Ringstads, 

Rioter, 

Riltenhouse, 

Robert, 

Robine, 

Royal  Snow, 

Ruby  Gem, 

Rutherford, 


Sandbrook, 

Sekula, 

Shannon  Improved, 

Shepherd  Perfection, 

ShuU, 

Skelton, 

Skruishappcl, 

Snyder 

Spasovka, 

Springdalc, 

jtaringc, 

Stenkyrke, 

Striped  July, 

Sulphur, 

Summer  Wafer, 

Superb  Sweet, 

Svensk  Vinter  Postof, 

Sweet  Jonathan, 

Sweet  Longfield, 

Terdika, 

T.  H.  Gold  Reinette, 

Transparent  de  Cronals, 

Tukor, 

Two  Faced, 

Upp, 

Vancouver, 

Vandevere  Improved, 

Ver, 

Virginia  Beauty, 

Voronesh  Red  Summer, 

Wagencr  Improved. 

Wakeman, 

Whinnery, 

Wiener, 

Winter  Citron, 

Winterstcin, 

York  Stripe, 

Zoar, 

ZolotorefT, 

Zuzoff  Winter. 
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CATALOGUE  OF  APPLES. 

ABBREVIATIONS  AND  MARKINGS. 

Size. —  1,  large ;  m,  medium ;  s,  small ;  v,  very. 

Form. —  a,  angular;  c,  conical;  i,  irregular;  o,  oblate;  ob,  oblong; 
ov,  ovate;  r,  roundish. 

Color. —  b,  blush ;  c,  carmine ;  d,  dark ;  g,  green ;  I,  light ;  r,  red ; 
ru,  russet;  s,  striped;  w,  white;  y,  yellow. 

Flavor. —  a,  acid ;  b,  brisk ;  m,  mild ;  s,  sweet ;  sa,  subacid. 

Quality. —  b,  best ;  g,  good ;  f,  fair ;  p,  poor ;  v,  very. 

Use. —  c,  cider ;  d,  dessert ;  k,  kitchen. 

Market. —  h,  home;  e,  export;  Im,  local  market;  m,  market. 

Season. —  The  abbreviations  of  the  months. 

Starring. —  *,  recommended;  **,  well  recommended;  +,  worthy 
of  trial ;  — ,  undesirable ;  blank,  not  reported  on, 

NOTE:  Varieties  in  the  following  table,  as  well  as  in  the 
preceding  lists,  that  are  "  well  recommended "  for  market  are 
also  usually  well  adapted  for  bcone  use. 
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1 
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u 

yn 

vg 
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Abu 

iiporto 

SiS™ 

efn.™ 

uf  h  high 

Adirondack  . 
Adminble... 
Akin 


Arksnue   Beauty. 


Ancub*. . 


Baker 

BskflT  Sweet 

Baldwin 

SvM.'. '.".'. '.'.'.'.'. 
Batullen 

Beach.'.'.":;;;!! 

Beautiful  Arcad. , 
Beauty  ot  Kent.. 
Belhorodooskoc  .  . 


Oct.,  Nov. 
Mar.,  jun. 


Jan.,  Feb. 
Dec.,  Apr. 
Not..  Mat 


Aug..  Sept. 
Aug!.  Sept. 


fe".::tff 


N.  Y.T 


b.,  June 
IV..  liar. 

b.','  f&y 
ig..Sept. 
t..  Nov. 


Ben  Davia. 
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s. 

1 
1 

1 

> 

1 

1 

1 

u 

1 

J 
i 

+ 

1 

+ 

+ 

- 

+ 

RBHaKES. 

2 
3 

1 

8 

i 
1 

18 
10 

22 
2S 

28 

30 

32 
3 

\ 

S 
0 
■  2 

50 

+ 

* 

+ 
+ 

- 
_ 

+ 

_ 

- 
- 

_ 
_ 

— 

P                                         apple  for  Northern  New  York. 

A                                        J  doubtful  value  for  New  York. 

P                                        'un?<^*  this  name. 

N                                        pfy'S'itTch^f^^riginated. 

M                                                  irhardineaiisaprimerequiute. 

S                                                  New  York. 

V                                                  It  in  New  York  unless  it  be  in 

N                                                  Dieu  it  be  in  Long  laland. 
A                                                   o  tender  for  market.    Maybe 

A                                                   ^^^B  here. 

Ti                                                  1  among  our  beat  iweet  applet 

Although  a  9by  bearer  in  Eastern  New  York,  promising  in 

western  part  of  State. 
Now  nearly  obsolete  in  New  York. 

An  old  vaHety  superceded  by  the  Baldwin.  Nearly  obsolete. 
An  old  variety,  productive.      No  commercial  importance. 

Little  known  in  New  York. 

A  haidy  tree  bearing  rather  inferior  fruit, 

A  promising  apple  long  known  in  Columbia  County. 

SS.C."pSS.&?",.S..  ■""• '"""""  *"-■ 

Not  woTthjr  of  attention  in  this  State. 

Valuable  for  home  orchards  onlv.     Tree  susceptible  to  di». 
ease.     Fruit  does  not  ship  well. 

A  phsM^Ilt  flavored  dessert  apple.     Not  well  tested  in  N.  Y. 
A  fine  dessert  apple,  allrsctive.  excellent  quality.     Not 
large  enougb  for  market. 
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Bathlehemite 
Billy  Band., 


B  ack  Ben  Divia  . 
BackGillifloKcr. 
Bsck  J*r)«Ji.  .  .  . 

B  cntacim ....... 

BuahedCBlviUi! 
BogdnnofE  Glau . 


Si     Bunker  Hill.. 


I  Csnuds  Baldwl 


91  ,  C«lough.. 


CeitatU 


CUyton. . 

1  Oyde 

.  CoUelt... 


'  ?-, 


Sept..  Nov.    d 


fe:te. 


S"f-, 


s.. ! 


t.,ran.      dk 
■-,  Apr.     k 


te:.' 

Dec..  J 

Oct..  ^ 

fe: 


1  Aug.,  Oct.      ltd 
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Not  valuable. 
I  local  variety  ■ 
in  EnElish  vane 


o'thia  i 


01  B- 

Tree  healthy,  hardy,  bears  young  ana  i 

attrsctive  but  inlenor  in  quality. 
Now  obiolete  in  New  York.  DiiEinct  fn 
Htu  proved  very  hardy  in  the  Northwi 
Ben  Davis  type,  and  probably  of  some  v 
An  old  variety,  valuable  onlv  far  borne 
An  old  variety  now  practically  obsolete 


Frui 


lid  hardy  variety  now  rarely  planted  ii 


Hardy.     . „ 

Nora^apted  to'this'latitiide!*"'    '"  ""*    "  ™ 
ReEembles  Oldenbuis  and  surpaued  by  it. 
Not  recommended  for  planting  in  New  York. 
Tree  qualitiei  good.     Quality  inferior.     Ferhai: 


idling  not  as  good  . 
,ded  lor  Newborn 


Of  highest  qi 
No^nown  o 


nended  for  New  York, 
^eot  in  Eiie:  tree  chan 

ff  York. 


n  New  York. 

tically  obioleti 


An  old  cider  apple  now  practically  ol 
Pameuae    type.    Later    than    Fami 

desirable. 
Excelled  by  other  vsrietiea  both  for  home  use 

Not  adapted  to  Mew  York  cc 


in  New  York. 


Ben  Davi. 

cta». 

Not 

alua 
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Collunar 

Colvni'.'.'.'.'.'.'.'.'. 
Codstutitu 

Cox  Onage'. '.'.'.'.. 
Crmabatiy  PipcHn. 

Crew  Egg 

Crowni 

CurTbora 

DMderick 

Detroit  K«d 

Dickinxm 

Ditbarooo 

Doctor 

Doctor  Walksr. . . 
Domioe 

Double  Row 

Dudley 

DulM  of  Devooi'ri 

Dtundow 

Dutch  liisnonna. . 
Duienbury, ..... 

Eaily  HarvMt..  ■ 

Euly  1<M 

Early  Peonock. . 

Euly  Ripe 

Early  Strawberry 

Edwards 

Egg  Top 

Eiser 

Bliria  Pippin 

BUiwoitb 

Eogiiih  Pippin. . . 


of  TWBDty  Ounce. 


f-g 


Sept..  1 


Oct..  N 
Nov.,  P 
Sept. 
Nov..  /I 

Nov..  t 


Jmn..  H 
Nov..  h 

Nov..  E 


„     _      taD.,"Mai.' 
(— «      I  Sept..  Nov. 
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d 

1 

1 

a: 

I 

1 
i 

} 

1 

1 

1 

1 

Ri»a>u. 

i!S 

112 
IM 

18 

1 

in 

11? 

IZB 
12» 

130 

ii 
li! 

136 
iil 

158 

145 
148 

i 

"+ 

+ 

I 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

z. 

+ 
+ 

- 

to  itaodaH  ion*  o(  it*  daas. 
A  sonthem  apple.   Productive.    Hay  prove  valuable  where 

Tree  and  fruit  characters  good.     Worthy  of  tuting  foi 

Tree  hardy,  productive.    Fruit  lacking  in  siie  and  quality 
Spleadid  keeper. 

Known  locally  only  in  Orange 'County. 

Desiralile  for  the  home  orohard. 

Tree  and  fruit  characten  variable.     Worth  testing  in  the 

No'^lDMW  cultivated. 

A  Rambo  seedling  worthies*  In  New  York. 

Now  practically  obsolete. 

^IJipgra  type  but  not  equal  to  that  variety. 

Tree  vigorous  and  productive.     Fruit  of  good  sixe  anl 

An  attractive  market   (ruit  of '  inferior   quality.     Heavy 

Tree  chaiactm  good  but  fruit  inferior.     Not  teeted  sufGci- 

Poor  graWBTi  very  productive.     Second  rate  quality. 

"^d-^sr  '"^"'-  ^'  '"'"""■ "'  '"^ "" 

Not  recommend  for  planting  in  New  York. 
Wood  very  brittle.     Productive.     Fruit  small.     Not  grown 
as  much  as  formerly., 

A'c^l^bircounty'l^'jiing  of  Blue  Pearmajn  type.     Of 

^SSlVis^''dT?^btd^^^'b'*q'2'a,5ty'rru^ed 

by  othera  of  iu  class. 
A  standard  English  culinary  apple,  of  dobuUul  value  in  New 

Too  small  for  a  commercial  apple. 

Tree  vigorous,  very  productive.     Fruit  too  small  except  for 

One  of  the  finest  dessert  apples  but  not  a  good  commercial 

.     variety. 

Tree  characten  poor.     Valuable  only  as  an  early  dessert 

Of  value  for  the  home  orchard  only.     High  quality. 

Its  high  quality  makes  it  a  desirable  home  sort. 

Not  well  adapted  forgmwing  as  far  north  as  this  State. 

Nearly  obsolete. 

A  European  variety  worthy  of  further  testing.     Attractive, 

eicelfent  keeper. 
Does  not  equal  other  varieties  of  its  season. 

Inferior  to  standard  varieties. 
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Deunble  in  Buteni  New  YoHi.    Grawn  (or  export  trade. 
L.ck.,_  vigor,  _  Un«rt.in     productiv.n™.     St^dard    io 

F                                       I1  quality.     Suitable  for  home  onlr- 
T                                           Pnait  i;haracw™ti«  dairabl.. 
N                                       n  for  trial. 

V                                       ic.     Fruit  inferior  in  quality.     Valu- 
.ome  localities. 

I               f,.'nj'ais!..-"5S;T,'X 

G                                       iper,  of  [air  quality  but  easily  bruited 

Tree'tlmityThardy,  lonB  lived,  good  cropper.     Fruit  too 

tender  and  wrong  color  for  market. 
Old  standard  variety;  Mabs  badly.     An  e«e1)enl  green 

Hardy,  fair  grower,  good  cropper.     Fruit  scabs  badly,  very 

tender  and  rattier  small. 
Not  desirable  in  New  York. 
Rather  vigorous,  reliable  cropper.     Fruit  bright  red.  good 

Too  unattractive  in  color  and  siie  to  be  desirable. 

May  be  worth  planting  in  home  orchards  of  southeastern 

Worthy  of  trial  in  certain  localities. 

May  prove  valuable  in  chose  parti  of  the  State  where  Ben 

Tree  a  shy  bearer.     Fruit  drops  badly.     Handsome  but 

second  rate  quality. 
No  longer  propagated. 
A  chance  »edling  of  doubtful  value. 
Surpassed  by  standard  varieties. 

NotSUfng  planted  in  New  York. 

Without  value. 

May  prove  valuable  where  Ben  Davis  thrives. 

Good  dessert  sort  but  too  small  for  market. 

No  longer  propagBted. 

Confined  lo  western  New  York.     Of  local  value  only. 

01  value  only  as  a  stock  upon  which  to  topwork  hardy 

One  of  Gideon's  new  promisins  varieties. 

An  old  very  late  keeping  variety  too  small  to  be  valuable 

V^iZZVl'^'^.^  York,     Unworthy. 

It  may  be  worthy  of  testing  for  commercial  purposes  where 

May  be  worth  trial  where  a  late  keeping  sweet  apple  is 

One  of  the  most  desirable  fall  sorts  for  market. 

No  longer  grown  in  New  York. 

A  Long  Island  variety  now  apparently  obsolete. 

Highly   esteemed   in    England  but  little   known   in    New 

May  be  of  value  in  the  North. 

very  late,  of  ejtoellenl  quality. 
One  of  the  test  for  home  use. 
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Now  «lrioin 
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ivaUd.     Not  rellabla 
idapCed  to  latitude  of 


Little  known.     Not  worthy  of  introduction. 

Not  dednble  for  planting  in  New  York. 

Not  recommended  tor  New  Yoik. 

Not  recommeaded  for  plantina  in  New  York. 

Doe*  not  appear  to  be  worttiy  of  trial  in  Nev  York. 

Withitanda  the  moit  vLgonu*  climate,  productive,  fins  for 


Lady  type. 

Should  he  d 
Worthy  of  ti 

I  Wnrthy  of  testina  whei 
tjttle  known  and  unw< 


'Hu^n*V>UeV.     Reumbla  Pall  Pippin  but 
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8;                              ^'i?f'S?ire'Bre'p"U-r.aintvpe. 

E.                              IDt  rather  small  for  acommercial  variety. 

Ti                               attractive  in  si»  and  c  I'.ir  but  lacking 

N                               nting  in  New  York. 

Many  worthier  sorts  of  its  season. 
Suitable  for  home  use  only. 

Tree  characten  good.     Pruit  o{  good  color  and  keeps  well. 

A  worthy  late  keeping  dessert  apple  for  home  use. 
Gradually  passing  out  of  cultivation. 
A  beautiful  fancy  apple  suitable  for  soecial  trade, 
^veral  varieties  under  this  name.     Not  valuable. 

One  of  the  most  desirable  of'tha  sweet  apples  for  commer- 
cial planting. 
Shy  bearer.     Good  color  and  slie. 
Excelled  by  standard  sorts. 
EasUy  excelled  by  standard  varieties. 
Very  late  keeper  but  Poor  in  quality. 
One  of  the  best  dessert  apples  of  its  season. 

A  seedling  of  Pameuse  inferior  to  Mclnlosh. 

Unworthy  of  further  lestine. 

Grown  about  Geneva  where  it  is  held  in  high  esteem. 

Not  sufGcisntly  tested  in  New  Yorkf' 

A  southern  variety  not  adapted  to  New  York. 

Uore  juicy  and  much  inferior  in  flavor  and  quality, 
flrown  oiuy  about  Syracuse, 
Known  only  in  Columbia  County. 
Recommended  for  home  use  and  local  markets. 

Now  nwrly  obsolete. 

Represented  now  only  by  old  trees. 

Durable  for  home  u«  and  local  market. 

A  beautiful  de»<^  fruit.     Not  tested  in  New  York. 

sllfp^d  by^rictoria™l4et  which  it  resembles. 
A  seedlinj  of  Lawver.  not  adapted  to  New  York. 

Not  likely  to  become  Popular. 

One  of  the  most  promising  sorts  of  it   sMson.      Pameuse 

Prailicslly  unknown  in  New  York,     Not  recommended. 
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D                                  is  variety  will  develop  markeubie  size 
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Not  a  good  commercial  sort      Eitcellent  in  quality. 
Not  superior  to  standard  sorts  of  its  season. 
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Tardy  bearer.    Vigorous,    Highest  quality.    Succeeds  onlj 
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Similar  to  Rhode  Island  Gtutiinf.  hardier,  not  80  good  in 

Po''pular  m  Michigan.     Unknown  in  New  York. 
Similar  to  Yellow  Beimower. 
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Blue  Penrmain  group.     Adapted  to  cold  climates. 
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Tree  charactera  poor;  of  doubtful  value. 
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As  yet  not  sufEcieotly  tested  In  New  York. 

JiS"  Ks;^t.7rb.s°.;'«.s;' ,:  „■<„  ..d 

quality.     Worthy  of  trial  in  Northern  New  York. 

Not  welf  tested  lo  New  York.    Worthy  of  further  test. 

Y                              group.    Of  good  quality,  but  akin  tender 

Si                              a  H*dli^  'of  Tompkins   King.     Worth 
A                              y  not  well  tested  in  New  York. 

R                          Harvest.    L*ter.    Worthy  of  trial. 

S<                              auis.     Worth  trying  in  the  North. 
N                              1  for  planting  in  this  State.  . 

N                              1 'for 'general 'planting.     May  be  valuable 

Cl                              Idenburg  which  is  the  same  in  season. 
L.                              las  failed  to  establish  itself. 

1           rSlrZ"''''^"'^''"- 

SI                              It  to  diseases.    Fruit  beautiful  and  excel- 
to  "Baldwin  spot." 
Excelled  by  other  russets  of  its  season. 
DesiraMe  onlv  when  hardin™  a  Y"T  "'""I'i'^- 

Not  adapted  to  New  /ork  conditions.     Southern. 

Should  give  place  to  better  sorts. 

A  Email  russet  of  high  quality.  Not  protitable  commercially. 

An  English  sort,  of  little  vJue  in  America. 

Has  many  merits  for  home  use  and  local  market. 

An  old  variety  now  practically  obsolete. 

Tree  characters  poor.  Valuable  for  dessert  and  local  market. 

Requires  furher  testing. 

Worthy  of  trial  in  Northern  New  York. 

Not  well  adapted  to  this  region.     Southern, 

Should  give  place  to  others  of  belter  qualities. 

Valued  (or  home  and  market  purposes. 

Supplanted  by  better  sorts. 

Sekbrn'reaches  marketable  siie  in  New  York.     Blossoms 
Worthless  except  as  a  substitute  for  Red  June  where  that 
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iucccpds  under  many  coodiiioos.   Home  and  local  marliel' 

Vorthy  of  mora  enteniive  planting. 

5rown  only  in  the  vicinity  of  Red  Hook,  N.  Y. 

ietlet  adapted  to  the  South  and  West.     Sme 

imperfect  in  New  York, 
'onaidered  Ic»  valuable  than  Baldwin. 
\n  old  cider  variety  now  obwlete  in  New  York. 
Vithout  value  where  Primate  can  be  grown. 
Jnteated  in  New  York.     Probably  worthier. 
4oI  worth  testing. 
;xcel!ed  by  Rhode_l»lBnd  Gr 
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D                                 profiiable  in  New  York. 

1'                                      <eing  extended  in  New  York. 

C                                      1  some  sections  of  New  York. 
A                                       of  testing  for  the  North. 
J                                      ^re  a  (ruit  of  this  type  is  desired. 
N                                      'ork  conditions. 

B                                          Valuable  In  Northern  New  York. 
H                                      les  for  local  market. 

Surpassed  by  standard  sorts. 

Not  recommended  for  commercial  planting  in  this  State. 

!                                                in^Ne^YoS:"'''"' 

Pomologieal  Society. 
!                                               iur's  fruit. 

worthy  of  further  testing. 

Esteemed  by  some  for  home  use. 
Discardea. 

One  of  tbe  best  for  the  amateur.     Requires  deep,  rich,  sandy 

loam.     Shy  bearer  in  places. 
Similar  to  but  inferior  to  Pomme  Grise.     Ranks  high  for 

■W™idesa  except  as  a  curiosity. 

A  universal  favorite  lor  the  home  orchard  and  local  mar- 
Gradually  going  out  of  cultivation. 
Esteemed  tor  home  use.     Seldom  planted. 
Not  cultivated  outside  of  Nassau  dounty. 
Several  known  by  this  name.     Not  grown  in  New  York  at 

the  present  time. 
Possesses  little  value.     Several  under  thi*  name. 
Attractive,  eneellent  quality;  reliable  cropper;  overbears; 

good  keeper. 
Does  not  excel  standard  sorts  for  any  purpose. 

Surpassed  by  other  sorts  of  its  season. 

Valued  chie&y  as  a  long  keeper.     Not  recommended  for 
New  York  fruit-Broweis. 

Not  worth  planting  in  this  Stale. 

Does  not  appear  desirable. 

Perhaps  worthy  of  testing  in  the  North. 

attractive  and  well  flavored. 
Not  worthy  the  attention  of  fruit-growers  except  for  hardi- 
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Of  DO  value  bi  New  York  except  ai  a  very  late  keeper. 

One  of  the  best  extra  early  sorts  for  home  and  market. 

Practically  worthless. 

Then  is  also  the  (ollowing  Yortc. 

Unknown  in  New  York  and  probably  worthleas. 

Reports  advem  to  its  culture  in  New  York  except  in  south- 

for  New  York  sTowen. 

Passed  from  cultivation. 
Has  not  gained  recognition. 
An  old  variety  now  little  grown. 
Probably  of  little  value. 

Lacks  vigor.     Excelled  by  other  crab^ 
One  of  tbe  most  desirable  of  its  season.     Dessert. 
Desirable  lor  commercial  plantings  because  of  both  fruit 
and  tree  characters.     Dessert. 

Wid^'  and  deservedly  cultivated  for  home  and  market, 
Culfnary, 

Better  varieties  are  now  preferred. 

A  good  late  keeping  crab  lor  home  use.     Culinary. 

One  of  the  best  foi  culinary  purposes. 

Lacks  productiveness  at  this  Station. 

Not  KrSwn  in  New  York. 

Fails  in  New  York. 

N  -              mended  for  New  York. 

E                  nd  favor  in  America. 

T                 1  found  unworthy  at  this  Station. 

V  lecial  value. 

A                 for  culinary  use. 

H                 ue  in  New  York.    A  ouriaaity  but  of  poor  flavor. 
T                 ',  apod  grower,  very  productive.    Very  popular. 

0                   most  popular  of  the  large  crabs,     Denert  and 

V  home  use.     Culinary. 
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VARIETIES  OF  STRAWBERRIES, 
CULTURAL  DIRECTIONS.* 


O.  M.  TAYLOR. 


SUMMARY. 

Conditions  of  temperature  and  moisture  in  the  vicinity  of  Geneva 
were  favorable  in  1905  for  testing  strawberries,  although  unfavor- 
able in  the  westenj  and  eastern  portions  of  the  State. 

Most  of  the  varieties  under  test  fruited  in  midseason.  Fairfield 
and  Weston  IVo.  i  were  the  earliest  desirable  kinds,  and  among  the 
latest  were  Cardinal,  Mark  Haiina,  Mead,  President,  Ridgeway  and 
Rough  Rider. 

Good  size  of  fruit  is  essential.  Some  desirable  kinds  such  as 
Ernie,  Fairfield,  Kansas  and  Senator  Dunlap  produce  large  fruit 
which  decreases  considerably  in  size  as  the  season  advances,  while 
Cardinal,  Joe,  Mark  Hanna,  Marshall,  Mead,  President,  Ridgeway, 
Rough  Rider,  Thompson  No.  311,  Thompson  No.  700  and  Weston 
No.  I  produce  large  fruit  of  desirable  size  to  the  close  of  the  season. 

Cardinal  has  many  good  qualities.  Ernie  may  be  valuable  if 
not  subject  to  leaf  blight.  Fairfield  appears  valuable  only  on 
account  of  earliness.  Joe  and  Mead  should  be  planted  closer  than 
other  varieties.  Mark  Hanna  is  the  most  productive  though  low 
in  quality.  President  is  of  largest  size,  an  excellent  show  berry  but 
deficient  in  quality.  Glen  Mary,  Kansas,  Marshall,  Ridgeway, 
Rough  Rider  and  Senator  Dunlap  are  standard  commercial  kinds. 

The  rating  in  regard  to  yield  is  given  in  the  description  of  the 
variety.  Mark  Hanna,  the  most  productive  kind,  yielded  at  the  rate 
of  12,400  quarts  per  acre,  and  the  least  productive  kind  was  Mid- 
night, yielding  1,114  quarts  per  acre.  With  some  varieties  such  as 
Joe,  Pan  American  and  Commonwealth,  the  yield  is  largely  deter- 

•A  reprint  of  Bulletin  No.  276. 
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mined  by  distance  of  planting,  as  these  varieties  are  usually  very 
poor  plant  makers. 

The  cultural  directions  are  not  intended  to  be  specific.  They  are 
rathp-  suggestions  along  desirable  lines.  The  details  vary  to  suit 
the  necessities  of  different  sets  of  conditions. 

INTRODUCTION. 

In  this  bulletin  are  described  many  of  the  newer  varieties  of 
strawberries,  together  with  a  few  standard  kinds  for  comparison. 
These  descriptions  are  followed  by  brief  cultural  directions  which 
answer  in  a  measure  the  many  inquiries  coming  to  this  Station  in 
regard  to  growing  the  crop. 

The  season  of  1905  was  marked  by  widely  variable  conditions 
in  different  parts  of  the  State,  both  favorable  and  unfavorable  to 
the  best  development  of  strawberries.  Western  New  York  was 
characterized  by  excessive  rainfall,  while  the  eastern  portion  of  the 
State  experienced  a  season  of  unusual  drought.  The  conditions  of 
temperature  and  rainfall  were,  however,  fairly  satisfactory  in  Cen- 
tral New  York,  especially  in  the  vicinity  of  Geneva  where  the  test 
was  made. 

The  results  herein  noted  must  not  be  taken  as  absolute,  indicating 
what  might  be  expected  under  widely  different  conditions  of 
environment.  They  simply  point  out  the  strong  and  weak  features 
of  certain  varieties  when  tested  under  the  soil  conditions  at  this 
Station, 

NOTES  ON  VARIETIES. 
Season  of  ripening. —  The  terms  early  and  late  are  but  relative, 
and  most  of  the  varieties  described  in  this  bulletin  ripened  during 
midseason.  None  of  those  tested  in  this  experiment  were  very  early 
with  the  exceptions  of  Fairfield  and  Weston  No.  i  which  were 
nearly  a  week  or  more  earlier  than  the  other  varieties.  Possibly 
they  may  have  some  value  on  this  account  although  both  are  lack- 
ing in  flavor  and  quality.    Among  the  later  kinds  were : 

Cardinal,  President, 

Hunn,  Ridgeway, 

Mark  Hanna,  Rough  Rider, 
Mead. 
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Sise  of  fruit. — One  of  the  requirements  for  a  good  commercial 
variety  is  that  the  fruit  be  of  sufficient  size  to  make  a  good  appear- 
ance. The  berries  of  some  varieties  uniformly  run  too  small;  with 
others  the  size  at  the  first  pickings  is  good  but  decreases  rapidly  as 
the  season  advances.  A  few,  however,  appear  to  hold  their  size 
well  to  the  close  of  the  season.  This  tendency  varies  with  the 
environment,  is  influenced  to  some  extent  by  congeniality  of  sur- 
roundings, and  is  modified  by  moisture  conditions.  The  following 
varieties  appeared  to  hold  their  size  well  to  the  end  of  the  picking 
season : 

Beidler,  President, 

Cardinal,  Ridgeway, 

Goldsborotigh,  Rough  Rider, 

Joe,  Thompson  No.  511, 

Mark  Hanna,  Thompson  No.  700, 

Marshall.  Weston  No.  I. 
Mead, 

Desirable  kinds. —  Many  of  the  varieties  under  test  failed  to  make 
a  good  showing.  It  must  be  remembered,  however,  that  varieties 
of  all  fruits,  and  especially  strawberries,  give  widely  varying  results 
in  diflferent  locations  and  under  different  conditions.  The  results 
here  given  were  obtained  from  plants  grown  on  a  heavy,  clay  soil 
not  well  adapted  to  successful  growing  of  this  fruit.  The  follow- 
ing are  those  which  appeared  to  be  desirable  either  for  home  use 
or  for  commercial  purposes : 

Cardinal,  Mead, 

Ernie,  President, 

Fairfield,  Ridgeway, 

Glen  Mary,  Rough  Rider, 

Joe,  Senator  Dun  lap, 

Kansas,  Thompion,  No.  5//, 

Mark  Hanna,  Thompson,  No.  yoo, 

Marshall.  Weston  No.  i. 

Plant  makers. —  One  of  the  marked  characteristics  of  varieties 
of  strawberries  is  variation  in  the  tendency  to  produce  runners  or 
to  make  new  plants.  Most  of  the  varieties  under  test  produced  a 
moderate  number.  Some,  however,  made  very  few  new  plants, 
leaving  the  ground  bare  in  places,  while  others  were  such  prolific 
plant  makers  that  the  plants  were  badly  crowded.     In  this  experi- 
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ment  all  varieties  were  planted  the  same  distance  apart,  three  feet 
by  two  feet.  In  commercial  work  some  of  these  varieties  should 
.  be  planted  much  closer,  while  others  should  have  more  room.  The 
following  is  a  list  of  varieties  producing  very  few  or  very  many 
plants; 

VERY  FEW  PLANTS.  VESY   MANY  PLANTS. 

Mark  Hanna,  Challenge, 

Ridge  way,  Conunon  wealth, 

Senator  Dunlap,  Goldsborough 

Shenandoah,  Joe, 

Stahelin.  Mead, 

Midnight, 
Pan  American. 

Productiveness. —  Observations  were  made  in  the  field  at  fruiting 
time  in  regard  to  apparent  productiveness,  and  the  fruit  of  each 
variety  was  weighed  at  each  picking,  the  rate  per  acre  being 
obtained  from  these  figures.  As  yield  is  largely  influenced  by  local 
conditions,  the  figures  are  omitted  from  this  bulletin,  the  rating  of 
productiveness  being  recorded  in  the  description  of  each  variety. 
The  most  productive  kind,  Mark  Hanna,  yielded  at  the  rate  of 
12,400  quarts  per  acre.  Among  other  productive  varieties  were 
Cardinal,  Kansas,  President,  Ridgeway,  Rough  Rider,  Senator  Dun- 
lap,  Shenandoah  and  Stahelin. 

Some  varieties  gave  a  very  low  yield.  The  least  productive  kind 
was  Midnight,  yielding  1,114  quarts  per  acre.  Among  other  unpro- 
ductive kinds  were  Commonwealth,  Hunn,  Joe,  Pan  American. 
Three  of  these,  however,  would  have  given  a  much  higher  yield 
had  the  plants  been  set  closer,  the  individual  plants  in  some  cases 
being  very  productive, 

DESCRIPTION  OF  VARIETIES. 
In  these  descriptions  the  names  in   parentheses   following  the 
names  of  varieties  indicate  the  source  of  the  plants  tested  at  the 
Station, 

Beaver. —  (John  Mull,  Dayton,  O.,  and  M.  Crawford,  Cuya- 

hc^a  Falls,  O.)     Per.    A  chance  seedling  of  unknown  parentage, 

originated  about  1901  by  J.  F.  Beaver,  Dayton,  C,  and  introduced 

in  1904  by  Mr.  Crawford,    Plants  moderately  numerous,  moderately 

26 
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vigorous,  not  very  productive.  Leaves  medium  to  large,  rather 
dark  green;  leaf  stems  medium  length,  thick.  Fruit  stems  short, 
diick,  usually  double.  Comes  in  bloom  May  17.  Calyx  large,  leafy, 
inclined  to  discolor,  often  slightly  raised.  Seeds  raised.  Fruit  aver- 
ages above  medium  in  size,  roundish  conic,  unattractive  in  color 
being  dull  pale  scarlet,  some  portions  of  surface  nearly  white.  Flesh 
■qiiite  pale,  rather  firm,  rather  acid,  fair  to  good  in  flavor  and  quality. 
Does  not  pick  easily.  Foliage  considerably  injured  by  leaf  blight. 
Does  not  succeed  on  the  heavy  soil  at  this  Station. 

Beidler. —  (Mark  T.  Thompson,  Rio  \'ista,  Va.)  Imp.  Origi- 
nated by  Mr.  Thompson  who  sent  it  to  this  Station  for  testing,  as 
No.  602.  Introduced  by  him  under  its  present  name  in  the  Spring 
of  1905.  Plants  numerous,  vigorous,  very  productive.  Leaves 
large  to  above  medium,  dark  green;  leaf  stems  above  medium  to 
long,  thick.  Fruit  stems  long,  stout,  usually  double.  Comes  in 
bloom  May  zo.  Calyx  large,  leafy.  Seeds  raised  or  slightly  sunken. 
Fruit  large  to  very  large  wedge  or  sometimes  coxcomb,  often  de- 
pressed along  the  center,  sometimes  with  green  or  pale  tips,  usually 
light  and  dark  scarlet.  Flesh  firm,  juicy,  rather  acid,  not  high  flavor 
-or  quality.  Although  the  size  is  excellent  to  the  close  of  the  season, 
the  general  appearance  is  rather  coarse,  the  fruit  lacks  attractiveness 
■in  shape,  and  the  flavor  and  quality  are  not  equal  to  the  best  vari- 
eties.   The  foliage  is  also  severely  attacked  by  leaf  blight. 

Cardinal.— {J.  G.  Streator,  Garrettsville,  O.)  Imp.  A  self 
sown  seedling  originated  by  Mr.  Streator  in  1896.  Nothing  is  cer- 
tain concerning  its  parentage.  The  stock  was  sold  to  The  Templin 
Co.,  Calla,  O.,  who  introduced  the  variety  in  the  Spring  of  1905. 
Plants  rather  numerous,  vigorous,  productive.  Leaves  large,  dark 
green ;  leaf  stems  above  medium  to  long,  rather  thick.  Fruit  stems 
long,  stout,  usually  double.  Comes  in  bloom  May  23.  Calyx  large, 
leafy,  usually  not  depressed,  occasionally  showing  discolorations. 
Seeds  raised.  Fruit  above  medium  to  large,  retaining  its  size  till 
the  close  of  the  season,  roundish  conic,  sometimes  inclined  to  wedge, 
Tather  dark,  dull  or  sometimes  glossy  scarlet.  Flesh  good  color, 
firm,  juicy,  mildly  acid,  good  in  flavor  and  quality.  Appears  to  be 
worthy  of  test  on  account  of  freedom  from  leaf  blight,  productive- 
ness, excellent  shape,  fairly  good  color  and  desirable  flavor  and 
■quality. 
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Challenge, — (Slaymaker  &  Son,  Dover,  Del.)  Per.  Intro- 
duced by  M.  Crawford,  Cuyahoga  Falls,  O.  Plants  few,  only 
moderately  vigorous,  not  very  productive.  Leaves  medium  size, 
moderately  dark  green ;  leaf  stems  medium  to  below  in  length,  rather 
slender.  Fruit  st;.ems  short,  stout,  usually  double.  Comes  in  bloom 
May  17.  Calyx  medium  size,  sometimes  discolored.  Fruit  above 
medium  to  large,  dropping  considerably  in  size  as  the  season  ad- 
vances, rather  poor  shape,  varying  from  coxcomb  or  wedge  to  rather 
long  roundish  conic,  rather  unattractive  dull  scarlet.  Flesh  rather 
light  color,  moderately  firm,  juicy,  lacking  in  flavor  and  quality. 
Of  little  value  as  fruited  at  this  Station  as  the  foliage  is  attacked 
by  leaf  blight,  the  berries  are  variable  in  size  and  shape,  unattractive 
in  color  and  inferior  to  standard  varieties  in  flavor  and  quality.  The 
variety  would  have  given  a  better  record  in  productiveness  had  the 
plants  been  set  considerably  closer,  as  but  few  runners  were  made 
during  the  season. 

Climax.— (W,  F.  Allen,  Salisbury,  Md.)  Per.  Originate:!  and 
introduced  by  H,  W.  Graham,  Wetipquin,  Md.  Plants  moderately 
numerous,  rather  vigorous,  moderately  productive  to  productive. 
Leaves  medium  to  large,  dark  green ;  leaf  stems  medium  to  above 
in  length,  rather  slender.  Fruit  stems  medium  length,  stout,  usually 
single.  Comes  in  bloom  May  18.  Calyx  medium  to  rather  small, 
usually  set  in  a  very  slight  depression.  Seeds  slightly  raised.  Fruit 
above  medium  to  large,  dropping  in  size  as  the  season  advances, 
roundish  conic  to  slightly  wedge  but  blunt,  surface  rather  smooth, 
dull,  rather  dark  scarlet,  not  particularly  attractive.  Flesh  good 
color,  firm,  juicy,  agreeable  mild  acid,  good  in  flavor  and  quality. 
This  variety  has  desirable  characteristics  in  shape,  firmness,  flavor 
and  quality  but  is  deficient  in  size  in  the  later  pickings. 

Commonwealth. — (Slaymaker  &  Son,  Dover,  DeL)  Per.  Origi- 
nated in  1902  by  William  H.  Monroe,  Commonwealth,  Mass.,  and 
introduced  by  C.  F.  Pratt,  Reading,  Mass.  Plants  not  numerous, 
only  moderately  vigorous,  not  very  productive.  Leaves  medium 
to  below  in  size,  rather  pale  green;  leaf  stems  short,  rather  slender. 
Fruit  stems  short,  thick,  usually  single.  Comes  in  bloom  May  27. 
Calyx  medium  size,  usually  slightly  depressed,  often  discolored. 
Seeds  very  numerous.  Fruit  variable  in  size,  ranging  from  bebw 
medium  to  large,  variable  shape,  coxcomb  to  irregular  roundish 
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conic  or  slightly  wedged,  dark  glossy  scarlet.  Flesh  good  coior, 
firm,  juicy,  not  high  flavor  or  quality.  Foliage  somewhat  injured 
by  leaf  blight.  Does  not  appear  promising  at  this  Station  on  account 
of  variable  size  and  low  flavor  and  quality.  On  account  of  habit  of 
making  but  few  runners,  the  plants  should  be  set  considerable  closer 
than  usual  to  secure  a  good  yield. 

Ernie. — (A.  R.  Weston  &  Co.,  Bridgman,  Mich.)  Per.  Origi- 
nated by  Dr.  S.  Mandlin,  Bridgman,  Mich,,  in  1895.  Introduced  by 
A.  R.  Weston  &  Co.  in  1903.  Parentage  unknown.  Plants  moder- 
ately numerous,  vigorous,  moderately  productive.  Leaves  above 
medium  to  large,  dark  green;  leaf  stems  long,  moderately  thick. 
Fruit  stems  rather  short,  moderately  thick,  usually  double.  Comes 
in  bloom  May  17.  Calyx  rather  large,  leafy,  set  in  a  slight  hollow. 
Seeds  raised.  Fruit  above  medium  to  large,  dropping  in  size  as  the 
season  advances,  roundish  conic,  slightly  elongated,  attractive, 
glossy,  rather  dark  scarlet.  Flesh  good  color,  firm,  aromatic,  agree- 
able mild  acid,  good  to  very  good  in  flavor  and  quality.  Foliage 
considerably  injured  by  leaf  blight.  Appears  to  be  worthy  of 
further  testing, 

Fairfield.— (M.  Crawford,  Cuyahoga  Falls,  O.)  Per.  Plants 
only  moderately  numerous,  vigorous,  -  moderately  productive. 
Leaves  medium  size,  light  green;  leaf  stems  rather  long,  rather 
slender.  Fruit  stems  short  to  medium,  stout,  usually  double. 
Comes  in  bloom  May  15.  Calyx  rather  large,  recurved.  Seeds 
numerous,  moderately  depressed.  Fruit  large  at  first  pickings, 
dropping  rapidly  to  below  medium  as  the  season  advances,  roundish 
conic,  sometimes  quite  sharply  pointed,  large  berries  often  with  fur- 
rowed surface,  attractive  light  scarlet.  Flesh  well  colored,  moder- 
ately firm  to  firm,  rather  acid,  lacking  somewhat  in  flavor  and  qual- 
ity, ranking  no  more  than  fair.  Picks  easily.  One  of  the  earliest  to 
ripen.  Although  undesirable  in  quality,  it  may  have  some  value 
where  earliness  is  the  prime  requisite. 

Glen  Mary.— {L.  J.  Farmer,  Pulaski,  N,  Y.)  Per.  Originated 
by  Mr.  Jugham,  West  Chester,  Pa.  Introduced  by  W.  F.  Allen, 
Salisbury,  Md.  This  standard  variety  was  for  some  reason  very 
unsatisfactory  in  1905  and  a  complete  description  under  sucli  condi- 
tions would  not  do  justice.  Plants  set  in  1904  made  a  weak  growth 
producing  scarcely  any  runners,  and  the  fruit  in  1905,  while  good 
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in  flavor  and  quality,  was  abnonnal  in  color  and  shape.  When  well 
grown  it  is  desirable  on  account  of  lai^e  size,  attractive  color  and 
good  flavor  and  quality. 

Goldsborough. — (A.  T,  Goldsborough,  Wesley  Heights,  Wash- 
ington, D.  C.)  Imp.  Originated  by  Mr.  Goldsborough  and  intro- 
duced by  him  in  1903.  It  is  a  cross  between  a  wild  berry  and  the 
British  Queen.  Plants  very  few,  rather  vigorous,  not  very  produc- 
tive. Leaves  large,  rather  light  green ;  leaf  stems  long,  stout.  Fruit 
stems  moderately  long,  thick,  usually  double.  Comes  in  bloom 
May  19,  Calyx  large,  leafy,  rather  pale  green.  Seeds  rather  large, 
slightly  raised.  Fruit  above  medium  to  large,  retaining  its  size  till  , 
close  of  season,  blunt  pointed,  roundish  conic  to  slightly  wedge, 
rather  unattractive  pale  or  dull  scarlet.  Flesh  good  color,  firm, 
agreeable  mild  acid,  good  in  flavor  and  quality.  Picks  easily. 
Although  this  variety  is  very  satisfactory  in  size,  firmness,  flavor 
and  quality,  the  color  is  so  unattractive  that  it  is  doubtful  if  it  will 
prove  popular  as  a  commercial  variety. 

Hunn. —  (From  bed  in  Station  grounds.)  Imp.  Originated  at 
this  Station  during  the  winter  of  1889-90.  Plants  moderately  nu- 
merous, moderately  vigorous,  not  very  productive.  Leaves  medium 
size,  dark  green ;  leaf  stems  short,  moderately  thick.  Fruit  stems 
short,  stout,  usually  single.  Comes  in  bloom  June  i.  Calyx  large, 
leafy,  usually  set  in  a  slight  depression.  Fruit  above  medium  to 
very  large,  blunt  roundish  conic  to  slightly  wedge,  very  dark  glossy 
scarlet.  Flesh  good  color,  firm,  juicy,  good  to  very  good  in  flavor 
and  quality.  One  of  the  latest  varieties.  This  variety  has  been 
tested  in  many  parts  of  the  State  but  has  never  become  very  popu- 
lar. On  most  soils  it  has  proved  unproductive  and  the  foliage  has 
been  severely  attacked  by  leaf  blight  It  does  not  retain  its  size 
well  during  the  later  pickings. 

Joe.— (J,  H.  Black,  Son  &  Co.,  Hightstown,  N.  J.)  Per. 
Originated  by  Black,  Son  &  Co.,  fruiting  for  the  first  time  in  1893. 
Introduced  by  them  in  1899.  A  seedling  of  Middlefield  and  Chairs 
was  crossed  with  Sharpless,  and  one  of  the  best  seedlings  obtained 
in  this  way  was  crossed  with  Gandy.  The  most  promising  of  this 
cross  was  named  Joe.  Plants  not  numerous,  vigorous,  moderately 
productive.  Leaves  large,  medium  dark  green;  leaf  stems  long, 
thick,  usually  double.    Comes  in  bloom  May  24.    Calyx  medium  to 
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rather  large,  rather  leafy,  usually  not  depressed.  Seeds  slightly 
raised.  Fruit  above  medium  to  very  large,  retaining  its  size 
throughout  the  season,  blunt,  roundish  conic  or  irregular  wedge, 
surface  often  furrowed,  attractive  dark  scarlet.  Flesh  good  color, 
firm,  agreeably  acid,  good  flavor  and  quality.  On  account  of  making 
few  runners  should  be  planted  closer  than  most  varieties.  Has 
many  qualities  that  commend  it,  especially  large  size  of  fruit  and 
freedom  of  plants  from  leaf  blight. 

Kansas. — (W.  F.  Allen,  Salisbury,  Md.)  Imp.  Originated 
by  J.  J.  Whittman,  Emporia,  Kans.,  and  introduced  by  Mr.  Allen 
in  the  Spring  of  1900.  It  is  said  to  be  a  chance  seeding  of  unknown 
parentage.  Plants  moderately  numerous  to  numerous,  moderately 
vigorous,  not  injured  by  lea'f  blight,  productive.  Leaves  medium 
size,  rather  pale  green;  leaf  stems  medium  length,  rather  slender. 
Fruit  stems  moderately  long,  thick,  usually  single.  Comes  in  bloom 
May  23.  Calyx  large,  leafy  usually  in  a  depression.  Seeds 
slightly  raised.  Fruit  averages  above  medium  to  medium  in  size, 
decreasing  in  size  as  the  season  advances,  roundish  conic  to  slightly 
wedge  shape,  rather  blunt,  tip  often  ending  in  a  depression,  surface 
often  irregularly  furrowed,  attractive,  rather  moderately  dark  scar- 
let. Flesh  good  color,  firm,  juicy,  mildly  acid,  good  to  very  good  in 
flavor  and  quality.  Although  this  variety  does  not  rank  as  a  large 
berry,  it  has  proved  to  be  a  desirable  commercial  sort  in  many  places 
on  account  of  productiveness,  attractive  color  and  good  flavor  and 
quality, 

Mark  Hanna. — (Mark  T,  Thompson,  Rio  Vista,  Va.)  Imp. 
A  seedling  of  Bubach,  originated  by  Mr.  Thompson.  Plants  nu- 
merous, healthy,  very  productive.  Leaves  medium  size,  moderately 
dark  green ;  leaf  stems  long,  medium  to  rather  thick.  Fruit  stems 
long,  thick,  usually  double.  Comes  in  bloom  May  17.  Calyx 
medium  to  below,  usually  reflexed,  rather  leafy,  usually  not  de- 
pressed. Seeds  numerous,  sunken.  Fruit  large  to  very  large, 
retaining  good  size  till  close  of  season,  irregularly  shaped,  often  cox- 
comb or  wedge,  sometimes  rotmdish  conic,  surface  often  irregularly 
furrowed,  rather  attractive  light  scarlet,  rather  glossy.  Flesh  of 
fairly  good  color,  moderately  firm,  juicy,  agreeably  tart,  fair  to 
good  in  flavor  and  quality.  Although  not  of  highest  quality,  it  is 
by  far  the  most  productive  variety  fruited  this  season  on  the  Station 
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grounds,  and  on  account  of  the  great  yield,  together  with  large  size, 
it  may  have  considerable  value  where  quality  is  not  the  first  requi- 
site. The  general  appearance  of  some  of  the  larger  fruits  is  slightly 
coarse, 

Marshall. — (From  bed  in  Station  grounds.)  Per.  Originateti 
and  introduced  about  1892  by  M.  F,  Ewetl,  Marshfield  Hills,  Mass. 
Plants  moderately  numerous,  moderately  vigorous  to  vigorous,  mod- 
erately productive.  Leaves  rather  large,  rather  dark  green;  leaf 
stems  medium  length,  stout.  Fruit  stems  medium  length,  stout, 
usually  double.  Comes  in  bloom  May  15.  Calyx  medium  size. 
Seeds  moderately  raised,  rather  large.  Fruit  very  large  to  above 
medium,  roundish  conic  to  wedge,  surface  often  irregularly  fur- 
rowed, attractive  dark  glossy  scarlet.  Flesh  well  colored,  firm, 
juicy,  good  to  very  good  flavor  and  quality.  Berries  sometimes 
inclined  to  greenish  tips.  This  is  a  standard  commercial  variety, 
considered  very  valuable  in  certain  localities  but  does  not  succeed 
on  all  soils,  ranking  rather  low  in  productiveness  in  many  places. 

Mead.— (J.  H.  Hale,  South  Glastonbury,  Ct.)  Per.  Origi- 
nated with  O.  E.  Mead,  Lunenburg,  Mass.,  about  ten  years  ago. 
Introduced  to  the  trade  by  Mr.  Hale  in  Spring  of  1904.  Plants 
only  moderately  numerous,  moderately  vigorous,  productive. 
Leaves  medium  to  above  in  size,  dark  green;  leaf  stems  above 
medium  length,  moderately  thick.  Fruit  stems  short,  thick,  usually 
double.  Comes  in  bloom  May  24.  Calyx  medium  to  above  in  size, 
rather  leafy.  Seeds  variable,  raised  or  slightly  depressed.  Fruit 
above  medium  to  large,  blunt,  roundish  conic,  surface  smooth.  Flesh 
good  color,  firm,  mild  acid,  good  in  flavor  and  quality.  On  account 
of  few  runners  should  be  planted  closer  than  most  varieties.  .Ap- 
pears to  be  worthy  of  testing. 

Midnight^-'fJ.  H.  Hate,  South  Glastonbury,  Ct.)  Per. 
Plants  not  numerous,  lacking  in  vigor,  not  productive.  Leaves 
below  medium  to  medium  in  size,  pale  yellowish-green;  leaf  stems 
short,  slender.  Fruit  stems  short,  moderately  thick,  usually  single. 
Comes  in  bloom  May  15.  Calyx  medium  to  large,  sometimes  dis- 
colored, not  depressed.  Seeds  raised.  Fruits  variable,  below  me- 
dium to  very  large,  roundish  conic  to  wedge,  irregular  both  in  size 
and  shape,  rather  unattractive  light  or  dark  scarlet.     Flesh  light 
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colored,  firm,  possibly  good  in  flavor  and  quality.  Not  equal  to 
standard  varieties. 

Pan  American. — (Samuel  Cooper,  Delevan,  N.  Y.)  Per, 
Originated  in  1898  as  a  sport  of  the  Bismark  by  bud  variation, 
and  introduced  by  Mr.  Cooper  in  1902.  Plants  producing  very  few 
runners,  moderately  vigorous;  individual  plants  very  productive. 
Leaves  medium  to  below,  rather  dark  green ;  leaf  stems  rather  short, 
rather  slender.  Fruit  stems  short,  stout,  usually  double.  Comes 
in  bloom  May  15,  Calyx  small,  rather  deeply  set.  Seeds  very 
numerous,  raised.  Fruit  medium  to  above,  blunt  pointed,  roundish 
conic,  moderately  attractive,  rather  dull  or  pak  scarlet.  Flesh,  rather 
pale  red,  firm,  slightly  aromatic,  no  more  than  good  in  flavor  and 
quality.  Does  not  pick  very  easily.  The  chief  characteristic  of  this 
variety  is  its  habit  of  fruiting  in  the  fall.  When  the  first  blossoms 
are  removed  until  midsummer,  the  plants  will  fruit  in  late  August 
through  September  and  until  checked  by  frosts  in  early  October. 
May  have  some  value  where  strawberries  fruiting  at  this  season 
are  desired.  It  should  be  planted  considerably  closer  than  most 
varieties. 

President. — (Slaymaker  &  Son,  Dover,  Del.)  Imp.  Origi- 
nated about  1900  by  M,  R.  Hunt  of  Lambertville,  N.  J.  Plants 
moderately  numerous,  vigorous  to  very  vigorous,  productive. 
Leaves  large,  very  dark  green;  leaf  stems  long,  stout.  Fruit 
stems  long,  stout,  usually  double.  Comes  in  blocnn  May  24. 
Calyx  rather  large ,  leafy.  Seeds  slightly  depressed.  Fruit 
of  largest  size,  roundish  blunt  conic,  slightly  furrowed,  attractive 
bright  scarlet.  Flesh  fair  or  rather  light  color,  moderately  juicy, 
very  mild,  fair  to  good  in  flavor  and  quality.  Foliage  somewhat 
injured  by  leaf  blight.  The  largest  and  most  attractive  variety  in 
the  Station  collection  but  somewhat  deficient  in  flavor  and  quality. 
One  of  the  most  promising  varieties  where  size  and  color  are 
prime  requisites. 

Ridgeway. — (From  bed  in  Station  grounds.)  Per.  Origi- 
nated and  introduced  some  years  ago  by  M.  H,  Ridgeway  of 
Indiana.  Plants  numerous,  vigorous,  productive  to  very  productive. 
Leaves  medium  to  above  in  size,  rather  dark  green ;  leaf  stems 
medium  to  above  in  length,  stout.  Fruit  stems  short,  stout,  usually 
double.    Comes  in  bloom  May  17.    Calyx  large,  leafy.    Seeds  very 
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slightly  sunken.  Fruit  above  medium  to  large,  retaining  size  fairly 
well  in  later  pickings,  roundish  conic  to  slightly  wedge,  blunt 
pointed,  rather  smooth  surface,  bright  scarlet  or  pale  scarlet,  often 
glossy.  Flesh  usually  good  color,  moderately  firm,  juicy,  good 
flavor  and  quality.  This  variety  has  many  characteristics  which 
commend  it  highly  for  commercial  purposes.  It,  however,  is  not 
quite  as  firm  as  some  of  the  other  standard  varieties  and  the  calyx 
detaches  very  readily  in  seasons  of  abundant  moisture. 

Rough  Rider.— (L.  ].  Farmer,  Pulaski,  N.  Y.)  Per.  Said  to- 
be  a  cross  of  Bubach  and  Gandy,  originated  in  1893  by  Charles- 
Learned,  and  introduced  in  1900  by  L.  J.  Fanner.  Plants  mod- 
erately numerous,  moderately  vigorous  to  vigorous,  productive. 
Leaves  medium  size,  medium  dark  green ;  leaf  stems  above  medium 
length,  rather  slender.  Fruit  stems  medium  length,  slender  to- 
rather  thick,  usually  double.  Comes  in  bloom  May  18.  Calyx, 
medium  to  below,  rather  leafy,  often  reflexed.  Seeds  depressed. 
Fruit  large  to  above  medium,  retains  good  size  during  the  season,, 
somewhat  wedge  to  roundish  conic,  rather  dark,  attractive  scarlet. 
Flesh  good  color,  firm,  agreeably  acid,  good  in  flavor  and  quality, 
A  desirable  late  berry  on  account  of  size,  attractiveness  and  good 
characters  of  flesh. 

Senator  Dunlap.—  (L.  J.  Farmer,  Pulaski,  N.  Y.)  Per.  Origi- 
nated by  J.  R.  Reasoncr,  Urbana,  III.,  and  introduced  by  M.  Craw- 
ford, Cuyah(^a  Falls,  O.,  in  1899.*  -  Parentage  uncertain  but  pos- 
sibly a  seedling  of  Warfield.  Plants  very  numerous,  very  vigorous, 
productive.  Leaves  medium  to  above  in  size,  moderately  dark 
green;  leaf  stems  long,  slender.  Fruit  stem's  long,  moderately 
slender,  usually  single.  Comes  in  bloom  May  15.  Calyx  medium 
size,  recurved,  not  sunken.  Seeds  medium  or  above  in  size,  slightly 
sunken.  Fruit  medium  to  very  large,  does  not  retain  its  size  till 
close  of  season,  roundish  conic  or  slightly  elongated,  often  with 
tendency  to  slight  neck,  glossy,  attractive  light  and  dark  scarlet. 
Flesh  well  colored,  moderately  firm  to  firm,  rather  mild,  good  flavor 
and  quality.  Picks  easily.  Inclined  to  produce  too  many  plants. 
Although  somewhat  variable  in  size  is  desirable  on  account  of  at- 
tractiveness and  good  flavor  and  quality. 

•  Letter,  Reasoner,  April  19,  1900. 

DicnzedbyGoOglc 
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Shenandoah.— (W.  A.  Shook,  McGaheysville,  Va.)  Per.  Plants 
numerous,  rather  vigorous,  productive.  Leaves  medium  size,  me- 
dium dark  green ;  leaf  stems  medium  length,  moderately  slender. 
Fruit  stems  long,  rather  slender,  usually  single.  Comes  in  bloom 
May  15.  Calyx  large,  leafy,  usually  not  depressed.  Seeds  slightly 
sunken.  Fruit  above  medium  to  large,  dropping  in  size  as  the 
season  advances,  roundish  conic  to  blunt  wedge,  light  scarlet.  Flesh 
fairly  good  color,  moderately  soft,  good  in  flavor  and  quality. 
Variable  in  size  and  hardly  firm  enough  for  a  desirable  commercial 
variety. 

Stahelin. —  (M,  Crawford  Co.,  Cuyahoga  Falls,  O.)  Imp. 
Plants  numerous,  vigorous,  very  productive.  Leaves  medium  size, 
light  green ;  leaf  stems  long,  moderately  slender.  Fruit  stems  long, 
rather  stocky,  usually  single.  Comes  in  bloom  May  15.  Calyx 
rather  small,  often  inserted  in  a  hollow.  Seeds  numerous,  some- 
what raised.  Fruit  medium  to  nearly  large,  dropping  rapidly  in 
size  as  the  season  advances,  oblate  conic  to  roundish  conic  or  wedge, 
attractive  light  scarlet.  Flesh  fairly  good  color,  firm,  rather  acid, 
fair  to  good  quality  but  not  high  flavor.  Picks  easily.  The  fruit  is 
variable  in  size,  the  surface  is  often  uneven  as  if  improperly  pol- 
linated and  the  hull  is  frequently  discolored.  As  it  lacks  in  flavor 
and  quality,  it  does  not  appear  equal  to  standard  varieties  of  its 
season. 

Thompson  No.  511. —  (Mark  T.  Thompson,  Rio  Vista,  Va.) 
Per.  Plants  very  numerous,  very  vigorous,  very  productive.  Leaves 
large  to  above  medium,  dark  green ;  leaf  stems  long,  moderately 
thick.  Fruit  stems  long,  moderately  thick,  usually  double.  Comes 
in  bloom  May  24.  Calyx  large,  leafy,  reflexed.  Seeds  raised. 
Fruit  large,  usually  wedge,  or  semi-double,  often  deeply  furrowed, 
sometimes  rather  long  roundish  conic,  glossy,  attractive  moderately 
dark  scarlet.  Flesh  fairly  good  color,  firm,  moderately  juicy  to 
juicy,  mild,  good  in  flavor  and  quality.  Rather  irregular  in  shape 
but  holds  its  size  well  till  close  of  season.  Appears  to  be  worthy  of 
further  test  on  account  of  attractive  appearance  and  desirable  flesh 
■characters, 

Thompson  No.  700.—  (Mark  T.  Thompson,  Rio  Vista,  Va.) 
Per.  Originated  by  Mr,  Thompson.  Plants  very  numerous,  very 
vigorous,  very  productive.     Leaves  medium  to  above  in  size,  dark 
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green ;  leaf  stems  long,  slender.  Fruit  stems  long,  medium  to  rather 
slender,  usually  single.  Comes  in  bloom  May  15.  Calyx  medium  to 
below,  often  unattractive  brownish  cobr.  Seeds  numerous,  rather 
Urge,  sunken,  giving  a  somewhat  coarse  appearance.  Fruit  above 
medium  to  large,  irregular  wedge  varying  to  roundish  conic,  light 
scarlet.  Flesh  good  color,  firm,  juicy,  agreeably  acid,  good  in 
flavor  and  quality.  More  acid  than  Marshall.  The  berries  pick 
easily  and  retain  their  size  well  in  the  later  pickings.  Appears  to 
be  worthy  of  testing  on  account  of  its  productiveness  and  good 
flavor  and  quality,  although  in  some  pickings  the  fruit  was  not 
very  attractive  either  in  shape  or  color. 

Weston  No.  i.—  (A.  R.  Weston,  Bridgman,  Mich.)  Per.  Plants 
numerous  to  very  numerous,  vigorous,  productive.  Leaves  medium 
to  large,. pale  green;  leaf  stems  long,  rather  slender.  Fruit  stems 
long,  slender,  usually  single.  Comes  in  bloom  May  15.  Calyx 
medium,  reflexed.  Seeds  rather  small,  slightly  sunken.  Fruit  above 
medium  to  large,  holding  its  size  well  througliout  the  season, 
roundish  conic  to  irregular  wedge,  rather  light  scarlet.  Flesh 
rather  light  at  center,  moderately  soft,  mild,  fair  to  good  in  flavor 
and  quality.  Picks  easily.  A  good  sized  early  berry  but  lacks  in 
flavor  and  quality. 

STRAWBERRY  — CULTURAL  DIRECTIONS. 

Soil. —  The  strawberry  is  cosmopolitan  in  adaptation  to  soils, 
some  varieties  thriving  on  nearly  all  kinds  and  over  a  wide  range 
of  territory.  As  a  rule,  however,  the  lighter  loams  are  better 
adapted  to  most  varieties  than  are  the  heavy  clay  soils. 

Preparation  of  ground. —  Sod  soils  should  be  avoided  on  account 
of  danger  of  injury  from  the  work  of  the  larvae  or  grubs  of  the 
common  May  beetles  which  lay  their  eggs  in  sod  ^ound.  The  soil 
may  be  plowed  in  fall  or  early  spring  after  receiving  a  heavy  appli- 
cation of  stable  manure,  and  should  be  made  fine  and  mellow  by 
thorough  cultivation  before  setting  the  plants.  It  is  usually  an 
advantage  to  select  ground  upon  which  a  hoed  crop  had  been  grown 
the  preceding  season  in  order  to  reduce  the  number  of  weeds  in  the 
strawberry  bed. 

Fcrlilizcrs. —  The  amount  and  kind  of  fertilizer  to  use  depend 
largely  upon  the  need  of  the  soil  in  which  the  plants  are  to  grow 
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and  may  be  entirely  different  in  some  other  locality  or  on  a  different 
soil.  The  ground  may  be  in  need  of  nitrogen,  potash  or  phos- 
phoric acid,  or  may  lack  humus,  i.  e.,  decayii^  organic  matter. 
Humus  may  be  supplied  by  stable  manure  or  by  the  plowing  under 
of  plants  of  various  kinds,  clover  crops  being  especially  desirable  as 
they  tend  to  supply  nitrogen.  If  the  plants  do  not  make  sufficient 
growth  an  applicaticm  of  nitrate  of  soda  or  of  dried  blood  at  the 
rate  of  from  one  hundred  to  two  hundred  pounds  per  acre  may  be 
beneficial.  A  lack  of  potash  may  be  supplied  by  applicaticms  of 
wood  ashes  or  of  muriate  of  potash  using  the  latter  at  the  rate  of 
about  five  hundred  pounds  per  acre;  and  phosphoric  acid  may  be 
supplied  by  applications  of  acid  phosphate  at  the  same  rate.  There 
are  various  other  fertilizers  that  might  be  named.  Attention  is 
called  to  the  desirability  of  making  tests  of  different  fertilizers 
leaving  check  rows  to  determine  the  actual  need  of  the  particular 
soil.  Applications  of  fertilizers  may  be  given  during  the  first  sea- 
son's growth,  and  these  should  be  made  early  or  in  midsummer 
rather  than  in  late  fall.  Under  some  conditions  an  application  the 
second  Spring  as  growth  starts  may  also  be  beneficial. 

Selection  of  varieties. —  As  with  other  fruits  there  is  a  wide 
variation  in  the  behavior  of  varieties  under  different  conditions, 
and  for  commercial  plantings  only  those  varieties  should  be  set 
extensively  that  have  made  a  good  record  locally ;  newer  varieties 
should  be  tested  in  a  small  way  and  their  value  definitely  determined 
before  setting  them  in  the  plantation. 

Sex  of  plants. —  Attention  is  also  called  to  the  sex  of  the  plants. 
Rows  of  imperfect  blooming  kinds  should  alternate  with' perfect 
bloomers  to  secure  pollinization  of  the  imperfect  blossoms.  If  only 
those  varieties  which  are  imperfect,  i.  e.,  in  which  the  blossoms  con- 
tain no  stamens  in  addition  to  the  pistils,  such  as  Cardinal,  Kansas, 
President,  etc.,  be  planted  the  result  is  usually  a  failure  and  unless 
there  are  a  sufficient  number  of  blossoms  nearby  of  perfect  bloomers, 
such  as  Marshall,  Ridgewa>,  Rough  Rider,  etc.,  the  incomplete 
fertilization  is  indicated  by  an  abundance  of  nubbins,  berries  with 
hard,  greenish,  undeveloped  apex.  The  kind  of  pollen  does  not  ap- 
pear to  influence  the  character  of  the  fruit.  For  instance  —  the 
fruit  of  Kansas  (imperfect)  always  seems  the  same  in  size,  shape. 
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color  and  flavor  no  matter  whether  the  pollen  be  supplied  from 
Marshall,  Fairfield  or  Joe,  which  difiEer  widely. 

Selection  of  plants. —  The  best  plants  are  none  too  good  and  as 
a  rule  should  be  taken,  not  from  old  beds,  but  from  young  beds 
which  have  not  yet  fruited,  discarding  the  weak  or  inferior  ones. 
A  system  of  selection  intelligently  followed  for  a  series  of  years 
should  result  in  an  improved  strain.  If  the  so-called  "  pedigree  " 
plants  are  superior  to  others  it  is  because  of  intelligent,  long  con- 
tinued selection. 

Setting  the  plants. —  The  distance  apart  of  the  rows  and  of  the 
plants  in  the  row  varies  somewhat  with  the  natural  richness  of  the 
soil,  and  considerably  with  the  ability  of  the  varieties  grown  to 
make  runners.  Varieties  producing  the  largest  number  of  plants 
may  be  set  as  far  apart  as  four  by  two  and  a  half  or  three  feet, 
while  those  producing  but  few  plants  may  be  set  three  feet  by  eight- 
een inches  or  even  closer, —  an  average  distance  being  three  by  two 
feet  for  most  varieties.    The  plants  are  usually  set  in  early  Spring. 

Summer  treatment. —  During  the  summer  the  ground  should  be 
kept  cultivated  and  the  plants  hoed  as  occasion  requires.  The  blos- 
som clusters  should  be  removed,  and  the  earliest  runners  be  en- 
couraged to  root  as  early  as  possible.  Some  fertilizer  may  be 
applied  if  necessary  as  indicated  on  page  411. 

Winter  treatment. —  On  the  approach  of  winter  the  plants  should 
be  given  protection  against  the  freezing  and  the  thawing  of  the 
ground.  The  best  covering  is  one  that  is  free  from  weed  seeds, 
spreads  evenly,  is  not  blown  off  by  heavy  winds,  and  does  not  mat 
down  too  closely  over  the  plants.  It  is  only  necessary  to  cover  the 
plants  out  of  sight  —  an  inch  or  two  deep  being  more  desirable 
than  three  or  four  inches.  Various  materials  may  be  used  for  this 
purpose  such  as  marsh  hay,  course  stable  manure,  straw,  or  rough 
refuse. 

Spring  and  second  summer  treatment. —  In  early  spring  it  may 
be  necessary  to  shake  up  the  covering  to  prevent  the  plants  from 
smothering,  and  as  growth  begins  some  of  the  material  should  be 
removed  from  over  the  plants  and  placed  between  the  rows.  Gen- 
erally no  further  treatment  is  necessary  except  to  hand  pull  the 
larger  weeds,  but  where  these  are  troublesome  it  may  sometimes  be 
necessary  to  remove  the  litter  and  to  give  thorough  cultivation. 
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replacing  it  before  the  berries  ripen  to  keep  the  fruit  clean  and  to 
retard  evaporation. 

It  is  usually  not  considered  necessary  to  spray  the  foliage  for 
leaf  blight  but  where  the  disease  is  serious  it  may  be  kept  in  check 
by  applications  of  bordeaux  mixture;  but  such  applications  should 
not  be  made  while  the  plants  arc  in  bloom  nor  so  late  that  the 
bordeaux  shows  on  the  ripe  fruit. 

Usually  only  one  crop  is  taken  from  a  bed,  resetting  each  year, 
but  if  the  plants  are  vigorous  and  healthy  and  the  ground  com- 
paratively free  from  weed  seeds,  they  may  be  left  for  a  second 
crop.  The  tops  are  usually  cut  and  the  entire  surface  burned  over 
as  soon  as  the  plants  have  finished  fruiting  or  the  cut  leaves  and 
mulching  are  removed,  the  rows  being  narrowed  down  to  strips 
about  six  inches  wide.  Further  cultivation  and  fertilization  will  be 
as  usual. 
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VARIETIES  OF   RASPBERRIES   AND    BLACK- 
BERRIES, WITH  CULTURAL 
DIRECTIONS.* 


O.  M.  TAYLOR. 


SUMMARY. 

Only  varieties  which  have  been  tested  on  the  Station  grounds 
during  the  past  eight  years  are  included  in  this  bulletin. 

Among  red  raspberries  Bradley  No.  i  and  Brilliant  have  not 
been  fully  tested  but  appear  to  be  of  doubtful  value.  Cline  is  valu- 
able only  on  account  of  earliness.  The  fruit  is  small  and  the  plants 
unproductive.  Cuthbert  is  still  the  most  popular  variety  throughout 
the  State.  Herbert  has  made  a  good  record  and  is  worthy  of 
testing.  King  and  Royal  Church  are  inclined  to  crumble.  Loudon 
is  desirable  but  is  quite  variable  in  growth  of  cane.  Marlboro  canes 
are  rather  dwarf  but  are  very  productive.  Pomona  lacks  pro- 
ductiveness on  scMne  soils.  Turner  is  an  old  variety,  hardy  and 
productive,  but  the  fruit  averages  too  small. 

Purple  raspberries  are  superior  for  canning.  Their  value  for 
this  purpose  is  not  fully  appreciated.  Columbian  and  Shaffer  are 
both  desirable  kinds.  Haymaker  is  productive;  has  not  been  fully 
tested  but  appears  hardly  equal  in  size  or  quality  to  varieties  already 
mentioned. 

Black  raspberry  plantations  should  be  frequently  renewed  on 
account  of  injury  from  anthracnose.  Beyer  is  a  new  kind  ripening 
its  fruit  on  the  current  season's  growth ;  requires  further  testing, 
as  yet  does  not  show  many  desirable  characters.  Black  Diamond 
is  variable,  being  worthless  on  some  soils.  Cumberland,  Gregg, 
Mills  and  Onondaga  produce  fruit  of  excellent  size  and  color. 
Eureka,  Mohler  and  Palmer  are  among  the  most  desirable  early 
kinds.  Ohio  is  not  grown  as  extensively  as  formerly,  and  is  used 
more  for  evaporating  than  for  market  purposes. 


•A  reprint  of  Bulletin  No.  278. 
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The  winter  injury  to  blackberries  has  been  severe  during  the 
past  five  years.  Many  kinds  require  winter  protection,  Agawam 
-and  Ancient  Briton  produce  large  crc^s  of  berries,  medium  to  above 
in  size.  Chautauqua  and  Florence  are  new,  and  although  rather 
promising,  require  further  testing.  Eldorado,  Mcrsereau,  and  New 
Rochelle  produce  fruit  large  in  size.  Rathbun  is  somewhat  tender. 
-Snyder  is  the  most  cosmopolitan  of  all  the  varieties,  and  although 
the  fruit  is  small  the  canes  are  hardy  and  very  productive. 

Cultural  directions  arc  not  given  in  detail,  as  they  must  vary 
under  the  different  conditions  found  on  different  farms.  The  most 
important  topics  are  briefly  discussed  and  suggestions  are  given  in 
regard  to  some  of  the  methods  followed  by  successful  growers. 

INTRODUCTION. 

It  is  eight  years  since  a  bulletin  has  been  issued  by  this  Station 
■on  raspberries  or  blackberries,  although  notes  have  been  taken 
yearly  in  regard  to  the  behavior  of  the  many  varieties  growing  in 
the  Station  plats.  It  appears  desirable  at  the  present  time  to  pub- 
lish this  information  in  a.  condensed  form  to  meet  the  numerous 
inquiries  regarding  these  fruits.  The  following  notes  describe  the 
varieties  and  indicate  their  behavior  for  a  series  of  years  under  the 
-conditions  in  which  they  have  been  grown  at  this  Station. 

A  discussion  of  insects  and  diseases  infesting  raspberries  and 
blackberries  is  not  given  in  this  bulletin  as  the  subject  is  covered 
in  Bulletin  170  of  this  Station,  It  is  sufficient  at  this  time  to  state 
that  anthracnose  is  one  of  the  most  serious  diseases  of  black  rasp- 
berries and  has  wrought  havoc  in  many  plantations  during  the  past 
five  years.  The  best  treatment  appears  to  be  to  dig  out  and  bum 
the  infested  canes ;  to  frequently  set  out  the  new  plantations  in  land 
that  has  not  grown  berries  in  some  time;  to  select  the  healthiest 
stock  available ;  and  to  give  the  best  of  care  in  order  to  secure  a 
healthy,  vigorous  growth  well  ripened  for  the  winter. 

At  fruiting  time,  observations  were  made  in  the  field  in  regard  to 
the  productiveness  of  all  varieties,  and  the  exact  yield  was  also 
recorded  at  each  picking.  As  these  figures  vary  from  year  to  year 
in  different  localities,  depending  on  amount  of  winter  injury,  insect 
and  fungus  troubles,  rainfall  at  harvest  time,  character  of  the  soil 
-and  the  attention  the  plants  have  received,  the  figures  have  been 
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omitted  and  no  attempt  has  been  made  to  group  the  varieties  in 
regard  to  yield.  The  record  of  productiveness,  however,  is  given 
in  the  description  of  each  variety. 

Descriptions  are  given  of  many  old  varieties,  together  with  those 
of  more  recent  introduction.  In  the  description  of  varieties,  the 
source  of  the  plants  is  usually  given  following  the  name  of  the 
variety.  In  many  cases  the  plants  have  been  secured  from  the 
originator  or  introducer  in  order  to  obtain  stock  true  to  name.  The 
value  of  the  variety  is  summed  up  with  most  sorts,  in  the  closing 
sentence  of  the  description. 

It  has  been  thought  best  to  arrange  the  varieties,  as  far  as 
possible,  in  their  natural  groups.  So  arranged,  similar  kinds  can 
be  better  compared  both  as  to  characters  and  as  to  behavior  in  the 
field.  In  the  main  the  varieties  are  grouped  in  accordance  with 
Card's  classification  in  his  Bush  Fruits.* 

AMERICAN  RED  RASPBERRIES. 
{Rubus  strigosus.) 

notes  on  VAHIBTIES. 
Hardiness. —  Records  have  been  made  each  spring  in  regard  to 
the  amount  of  winter  injury.  This  varied  considerably  from  year 
to  year,  depending  upon  the  severity  of  the  winter,  and  on  the  con- 
dition of  the  wood  when  it  went  into  winter  quarters,  ranging  in 
some  cases  from  o  to  75  per  ct.  In  the  following  lists,  those 
varieties  not  injured  over  25  per  ct.  in  any  year,  and  with  an 
average  considerably  below  that  number,  have  been  marked  as 
hardy  or  nearly  so,  and  those  injured  over  25  per  ct.  as  not  hardy. 


Hardy  or  Nearly  1 

€awiy. 

Not  Hardy. 

Bradley  No.  i. 

Miller, 

Brilliant. 

Carleton, 

Olathe, 

Great  American. 

Coulatit  No.  2, 

Phoenix, 

Cuthbert, 

Pomona, 

Eaton. 

Royal  Church, 

Gault, 

Superb. 

Herbert 

Superlative, 

Kenyon, 

Thompson, 

Koch  No.  X. 

Turner, 

Loudon 

Viking. 

Marlboro, 

•  Published  by  The  MacMillan  Co.,  of  New  York. 
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Earliness. —  The  value  of  the  time  of  ripening  varies  in  differ- 
ent locations  depending  on  the  market,  some  growers  finding  the 
early  varieties  most  profitable  while  others  secure  the  greatest  re- 
turns from  late-fruiting  kinds.  While  the  relative  time  of  ripening 
of  varieties  may  not  vary  much  from  year  to  year,  the  dates  of 
ripening  for  any  one  sort  may  be  quite  different  depending  on  local 
conditions.  No  clear  cut  division  can  be  made  in  regard  to  season 
of  ripening;  some  varieties  have  a  very  long  season  of  fruiting, 
while  with  other  varieties  the  reverse  is  true.  For  several  years 
Giant,  Marlboro,  and  Pomona  were  among  the  first  to  produce 
ripe  fruit  while  the  following  varieties  were  among  the  latest  to 
produce  good  pickings : 


Bradley  No.  I. 

English  Giant, 

Phoenix, 

Coutant  No.  2, 

Herbert, 

Royal  Church. 

Cuthbert, 

Loudon, 

Desirable  kinds. —  Many  of  the  varieties  tested  were  found  to 
be  worthless  in  this  locality.  Some  were  too  tender,  or  not  pro- 
ductive ;  others  produced  fruit  too  small  and  too  soft  for  shipment, 
or  the  color  was  unattractive,  and  the  flavor  and  quality  inferior. 
The  following  list,  however,  includes  those  varieties  that  have  made 
the  best  showing,  and  under  conditions  at  the  Station  are  of  value 
commercially  and  are  worthy  of  testing  elsewhere: 

Cudibert,  Loudon,  Pomona, 

Herbert  Marlboro,  Turner.* 

DESCRIPTION    OF   VARIETIES. 

Bradley  No.  i.— {C.  P.  Bradley,  South  Bend,  Ind.)  A  seedling 
found  growing  on  the  farm  of  Mr.  Bradley  about  the  year  1896, 
Received  at  this  Station  for  testing  in  the  fall  of  1902,  fruiting  for 
the  first  time  in  1904.  Plants  moderately  vigorous  to  vigorous, 
healthy ;  appears  to  be  hardy  and  productive.  Fruit  above  medium 
to  large,  resembles  Marlboro  in  shape  but  is  much  coarser  in  general 
appearance,  rather  attractive  dark  red,  grains  large,  inclined  to 
crumble,  good  in  flavor  and  quality.  Requires  further  testing  to 
fully  determine  its  value,  but  the  large  grains  give  it  a  coarse  ap- 
pearance, and  it  seems  inclined  to  crumble. 

"See  description. 
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Brilliantf — (Meyer  &  Son,  Bridgeville,  Del.)  Received  for 
testing  at  this  Station  in  1901,  Plants  not  very  vigorous,  not  an 
upright  grower,  canes  rather  slender,  winter  injury  from  50  to  75 
per  ct.  during  the  past  three  years.  On  account  of  this  severe  injury 
enough  fruit  has  not  been  produced  for  a  good  description.  Ap- 
pears to  be  too  tender  for  this  locahty  unless  protected  during  the 
winter. 

Carleton. — (J.  Craig,  Ottawa,  Can.)  Received  for  testing  at 
this  Station  about  ten  years  ago.  Plants  moderately  vigorous, 
hardy,  productive.  Fruit  medium  to  below,  light  red,  grains  large, 
inclined  to  crumble,  fair  to  good  in  flavor  and  quality.  Not  equal 
to    standard  varieties. 

Coutant  No.  2.— (S.  L.  Quinby,  Marlboro,  N.  Y.)  Plants 
vigorous  to  very  vigorous,  upright,  winter  injury  from  O  to  15  per 
ct.  during  the  past  four  years,  not  very  productive.  Fruit  averages 
above  medium  to  medium  in  size,  light  red,  moderately  firm,  some- 
times inclined  to  crumble,  fair  to  good  in  flavor  and  quality.  Al- 
though it  holds  its  size  fairly  well  in  late  pickings,  it  lacks  some- 
what in  size  and  productiveness,  and  is  not  equal  to  standard 
varieties  in  flavor  and  quality. 

Cuthbert:  Quinby  Favorite. —  An  old  variety  received  from 
various  sources  for  testing  at  this  Station.  A  chance  seedling  found 
by  Thos.  Cuthbert  in  Southeastern  New  York  in  1865.  Plants 
vigorous,  healthy,  rather  erect;  foliage  rather  dark  green;  usually 
hardy,  productive.  Fruit  large,  slightly  conical,  attractive  red, 
grains  medium  to  below  in  size,  moderately  firm  to  firm,  sweet, 
good  to  very  good  in  flavor  and  quality.  This  is  by  far  the  most 
popular  variety  among  red  raspberries,  and  seems  to  be  well  adapted 
to  many  localities.  Its  season  of  ripening  is  not  very  early  but  the 
crop  ripens  quite  evenly  through  a  rather  long  season. 

Eaton. — {A.  Garretson,  Pendleton,  Ind.)  Originated  and  in- 
troduced a  few  years  ago  by  Mr.  Garretson.  Said  to  be  a  hybrid 
between  the  ShaiTer  and  the  Cuthbert.  Plants  moderately  vigorous, 
nearly  hardy,  moderately  productive.  Fruit  averages  large,  grains 
large,  crumbles  badly,  moderately  firm,  fair  quality.  Although  it 
keeps  its  size  well  in  late  pickings,  it  is  not  equal  to  standard 
varieties  on  account  of  habit  of  crumbling  and  low  quality. 

t  Species  uncertain. 
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Gault. — (W.  C.  Gault,  Ruggles,  O.)  A  stray  seedling  found 
over  ten  years  ago  by  Mr.  Gault  by  the  roadside  near  his  hcane. 
Plants  vigorous,  nearly  hardy,  productive.  Fruit  medium  size  or 
below,  rather  dull  red,  grains  medium  in  size,  moderately  firm, 
inclined  to  crumble,  fair  in  flavor  and  quality.  Inferior  to  standard 
kinds. 

Golden  Queen. — An  old  variety  received  from  various  sources 
for  testing  at  this  Station,  A  yellow  raspberry  supposed  to  be  a 
seedling  of  the  Cuthbert,  and  found  on  the  grounds  of  Ezra  Stokes, 
Camden,  N,  J.,  in  18S3.  Plants  vigorous  to  very  vigonaus,  canes 
light  in  color,  nearly  hardy,  productive.  Fruit  averages  above 
medium,  attractive  light  yellow  sometimes  tinged  with  light  pink, 
soft,  juicy,  resembles  Cuthbert  in  shape,  very  good  in  flavor  and 
quality.  On  account  of  its  color  and  softness  is  not  valuable  com- 
mercially. 

Great  American.— (J.  L.  Childs,  Floral  Park,  N.  Y.)  Received 
for  testing  in  1896.  Plants  not  vigorous,  dwarfish,  winter  injury 
from  10  K)  50  per  ct.  during  the  past  four  years,  moderately  pro- 
ductive. Fruit  medium  to  large,  fairly  good  color,  rather  soft,  often 
inclined  to  crumble,  no  more  than  fair  to  good  in  flavor  and  quality. 
As  fruited  here  not  equal  to  standard  kinds. 

Herbert — (R.  B.  Whyte,  Ottawa,  Can.)  A  chance  seedling 
found  about  fifteen  years  ago  by  Mr,  Whyte,  and  sent  out  for 
testing  by  him  as  "  Whyte  No,  17."  Received  for  testing  at  this 
Station  in  1896.  Plants  moderately  vigorous  to  rather  vigorous, 
not  so  tall  as  Cuthbert,  hardy  or  nearly  so,  very  productive.  Fruit 
above  medium  to  very  large,  averaging  slightly  larger  than  Cuth- 
bert, attractive  red,  moderately  firm  to  nearly  firm,  averaging 
slightly  softer  than  Cuthbert,  juicy,  good  to  very  good  in  flavor  and 
quality.  This  variety  appears  to  be  one  of  the  most  promising  of 
the  newer  red  raspberries,  and  is  considered  worthy  of  testing  for 
commercial  purposes. 

Kenyon. —  (O.  A.  Kenyon,  McGregor,  la,)  Introduced  by  Mr, 
Kenyon  who  found  it  growing  wild  in  1885.  Supposed  to  be  a 
seedling  of  Shaffer.  Plants  vigorous,  hardy,  productive.  Fruit 
medium  to  above,  dark  red  color,  moderately  firm,  inclined  to 
crumble,  fair  in  flavor  and  quality.    Not  equal  to  standard  kinds. 
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Koch  No.  I.— (C.  H.  Koch,  Middlehope,  N.  Y.)  Plants  mod- 
erately vigorous  to  vigorous,  moderate  amount  of  winter  injury, 
productive.  Fruit  medium  to  large,  firm,  grains  large,  somewhat 
inclined  to  crumble,  good  flavor  and  quality.  Not  equal  to  stan- 
dard varieties. 

Loudon. — (F,  W.  Loudon,  Janesville,  Wis.)  Originated  by 
Mr.  Loudon,  and  is  supposed  to  be  a  seedling  of  Turner  crossed 
with  Cuthbert,  Introduced  by  Chas.  A.  Green,  Rochester,  N.  Y. 
Plants  only  moderately  vigorous,  not  very  tall,  stocky,  usually 
hardy,  productive  to  very  productive.  Fruit  averages  above  medium 
to  large,  often  slightly  larger  than  Cuthbert,  grains  rather  large, 
firm  or  nearly  so,  attractive  red  color,  moderately  sweet,  good  in 
flavor  and  quality.  This  is  a  standard  commercial  variety,  which 
has  made  an  excellent  record  in  many  places. 

Mailboro. — An  old  variety  received  from  various  sources  for 
testing  at  this  Station.  It  is  said  to  be  a  cross  of  a  seedling  and 
the  Highland  Hardy  and  originated  by  Mr.  A.  J.  Caywood,  Marl- 
boro, N.  Y.  Plants  only  moderately  vigorous,  almost  semi-dwarf, 
canes  very  stocky,  usually  hardy,  productive.  Fruit  medium  to 
lai^e,  attractive  red,  firm,  sometimes  inclined  to  crumble,  fair  to 
good  in  flavor  and  quality.  A  standard  commercial  variety  in  many 
localities. 

Miller:  Miller  Woodland. — A  rather  old  variety  received  from 
various  sources  for  testing  at  this  Station.  A  seedling  found  grow- 
ing wild  at  Wilmington,  Del.  Plants  rather  weak  and  semi-dwarf, 
suckers  freely,  mature  canes  tinged  with  brown,  usually  hardy, 
only  moderately  pnjductive.  Fruit  averages  medium  in  size,  rather 
light  and  dark  red,  surface  of  berry  sometimes  rough  and  uneven 
detracting  from  appearance,  very  firm,  moderately  juicy,  sometimes 
inclined  to  crumble,  fair  in  flavor  and  quality.  Not  equal  to 
standard  varieties. 

Olathe. — (Stayman  &  Black,  Leavenworth,  Kan.)  Originated 
by  Mr.  Stayman  and  is  said  to  be  a  seedling  of  Reliance.  A  late 
berry  which  has  been  tested  for  a  number  of  years  at  this  Station. 
Plants  vigorous,  with  rather  slender  canes,  slightly  tinged  with  red, 
usually  rather  hardy,  productive.  Fruit  above  medium  to  large, 
firm,  juicy,  attractive  rather  dark  red,  grains  medium  to  below, 
sometimes  inclined  to  crumble  considerably,  good  flavor  and  quality. 
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Hardly  equal  to  standard  varieties,  as  the  fruit  too  frequently  is 
inclined  to  crumble. 

Phoenix.— (L.  J.  Farmer,  Pulaski.  N.  Y.)  Received  at  this 
Station  for  testing  in  1896.  Plants  vigorous  or  moderately  so, 
canes  rather  slender,  usually  hardy,  only  moderately  productive. 
Fruit  variable  in  size  ranging  frwn  below  medium  to  large,  firm, 
rather  dark  red,  grains  medium  size,  sometimes  inclined  to  crumble, 
fair  to  good  in  flavor  and  quality.  Hardly  equal  in  size  or  quality 
to  standard  kinds. 

Pomona, — (Wm,  Parry,  Parry,  N.  J.)  Introduced  by  Mr. 
Parry  about  1887.  Plants  moderately  vigorous  to  vigorous,  canes 
stocky,  usually  quite  hardy,  moderately  productive  to  productive. 
Fruit  large,  attractive  light  red,  firm,  nearly  sweet,  fair  to  good  in 
flavor  and  quality.    In  some"  places  has  proved  unproductive. 

Royal  Church. — (Royal  Church,  Harrisonville,  O.)  A  chance 
seedling  originated  by  Mr.  Church.  It  has  been  tested  for  a  number 
of  years  at  this  Station.  Plants  vigorous,  canes  slightly  tinged  with 
reddish  purple,  foliage  rather  dark  green,  moderate  amount  of 
winter  injury.  Fruit  above  medium  to  large,  variable  in  color  from 
light  to  very  dark  red,  grains  above  medium  to  large,  inclined  to 
crumble  considerably,  good  in  flavor  and  quality.  Hardly  equal  to 
the  best  varieties, 

Thompson:  Thompson's  Early  Prolific. — (Oeveland  Nursery 
Co.,  East  Rockport,  O.)  Has  been  tested  for  a  number  of  years 
at  this  Station.  Plants  vigorous,  upright,  canes  tinged  with  red, 
rather  slender,  nearly  hardy,  not  very  productive.  Fruit  medium, 
moderately  firm  to  rather  firm,  good  red  color,  inclined  to  crumble, 
fair  to  good  flavor  and  quality.    Inferior  to  standard  kinds. 

Turner, — An  old  variety  received  from  various  sources  for  test- 
ing at  this  Station.  Originated  by  J.  B.  Turner,  Jacksonville,  111, 
Plants  vigorous,  medium  in  height,  upright,  hardy,  productive. 
Foliage  rather  dark  green.  Suckers  freely.  Fruit  only  medium 
size,  bright  attractive  red  color,  juicy,  moderately  firm,  good  to 
very  good  in  flavor  and  quality.  Season  of  fruiting  is  earlier  tlian 
that  of  Cuthbert.  Although  the  fruit  is  inferior  in  size  to  Cuthbert, 
Marlboro  or  Loudon,  it  is  a  favorite  in  some  places  for  home  use 
and  for  local  market  where  such  varieties  do  not  succeed. 
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Viking. — PUnts  of  this  variety  were  received  in  1895  from  the 
originator,  Chas.  H.  Koch,  Middlehope,  N.  Y.  Bushes  moderately 
vigorous,  with  moderate  amount  of  winter  injury,  unproductive  to 
moderately  productive.  Fruit  averages  medium  in  size,  nearly 
round,  attractive  red  color,  good  flavor  and  quality.  Hardly  equal 
to  standard  kinds. 

EUROPEAN  RED  RASPBERRIES. 

(Rubiis  I'dffMi.) 

DESCRIPTION  OF  VARIETIES. 

Belle  de  Fontenay.— Plants  from  France,  received  for  testing 
from  the  Department  of  Agriculture,  Washington,  D.  C,  in  1899. 
Bushes  vigorous,  apparently  hardy,  moderately  productive.  Fruit 
medium  to  large  in  size,  dull  red,  moderately  firm,  grains  rather 
large,  rather  acid,  fair  quality.    Not  equal  to  standard  varieties. 

Cline. —  (G.  W.  Cline,  Winona,  Out.)  A  chance  seedling  of 
unknown  parentage  found  by  Mr.  Cline  over  twelve  yeafs  ago. 
Plants  moderately  vigorous,  medium  in  height,  healthy,  hardy,  un- 
productive, very  early.  Fruit  medium  to  below,  grains  medium 
to  rather  large,  firm,  rather  sweet,  rather  dark  red,  fair  to  good 
flavor  and  quality.  The  chief  value  of  this  variety  appears  to  be 
in  its  eariiness.  It  will,  however,  probably  never  become  of  much 
value  commercially  as  the  fruit  is  small,  and  the  plants  are  unpro- 
ductive, the  season  being  extremely  short,  most  of  the  crop  being 
secured  in  two  or  three  pickings. 

King. — (Cleveland  Nursery  Co.,  Rio  Vista,  Va.)  An  old 
variety  which  has  fruited  for  several  years  at  this  Station.  Plants 
moderately  vigorous  to  vigorous,  rather  hardy,  productive.  Fruit 
medium  to  large,  moderately  firm,  inclined  to  crumble,  grains  large, 
attractive  bright  red  color,  juicy,  fair  to  good  in  flavor  and  quality. 
Not  equal  to  Culhbert  or  Loudon,  although  it  has  made  a  fairly 
good  record  in  some  places. 

Merveille  Rouge. — Plants  from  France,  received  for  testing 
from  the  Department  of  Agriculture,  Washington,  D.  C.  Plants 
vigorous,  hardy,  rather  productive.  Fruit  large  to  very  large, 
rather  dark  red,  soft,  sweet,  good  in  flavor  and  quality.  Too  soft 
for  shipping  any  distance. 
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Naomi. — (Chas.  Carpenter,  Kelley  Island,  O.)  Originated  in 
the  garden  of  Governor  Wood,  Cleveland,  CWiio,  and  introduced 
by  Mr.  Carpenter.  Plants  moderately  vigorous  to  vigorous,  pro- 
ducing few  suckers,  foilage  rather  dark  green,  winter  injury  from  lo 
to  y^  per  ct.  for  the  past  five  years.  Fruit  above  medium  to  large, 
grains  rather  large,  attractive  red  color,  rather  soft,  nearly  sweet 
when  fully  ripe,  pleasant  flavor,  fair  to  good  in  quality.  Inferior 
to  standard  varieties. 

Orange :  Brinckle's  Orange.~~An  old  yellow  raspberry  that  has 
been  received  from  various  sources  for  testing.  Plants  not  vig- 
orous, dwarfish,  slender,  winter  injury  from  lo  to  80  per  ct.  for  the 
past  four  years,  usually  unproductive  on  account  of  winter  injury. 
Fruit  above  medium  to  large,  slightly  lighter  in  color  than  Caroline, 
grains  above  medium  size,  very  soft,  good  to  very  good  in  flavor 
and  quality.  One  of  the  best  in  quality  of  the  yellow  raspberries 
but  too  soft  for  shipping,  and  requires  winter  protection  in  this 
locality. 

Perpetuelle  de  Billard. — Plants  from  France,  received  from  the 
Department  of  Agriculture,  Washington,  D,  C,  for  testing.  Plants 
moderately  vigorous,  hardy,  moderately  productive.  Fruit  large  to 
very  large,  soft,  attractive  red  color,  good  in  flavor  and  quality. 
Undesirable, 

Pride  <rf  Geneva. — (H,  Loomis,  Geneva,  N.  Y.)  An  old  variety 
said  to  have  been  brought  to  this  country  by  an  English  gardener 
many  years  ago.  Disseminated  by  Steele  Bros.,  Geneva,  N,  Y,, 
under  the  present  name.  Plants  moderately  vigorous,  hardy, 
moderately  productive.  Fruit  medium  size,  grains  coarse,  mod- 
erately firm,  slightly  acid,  quality  fair.  Inferior  to  standard 
varieties. 

Pride  of  Kent.—  (R,  S.  Edwards,  Highland,  Colo.)  Said  to 
have  originated  over  fifteen  years  ago  by  Mr.  Fallstaff,  of  Kent, 
Finland.  Plants  moderately  vigorous  to  vigorous,  canes  rather 
large,  stocky,  winter  injury  varied  from  o  to  75  per  ct.  for  the 
past  five  years,  only  moderately  productive.  Fruit  variable  in  size 
ranging  from  below  medium  to  large,  of  good  red  color,  moderately 
firm  or  rather  soft,  good  in  flavor  and  quality.  Not  equal  to  stan- 
dard varieties  and  not  firm  enough  for  a  good  commercial  kind. 
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18. — Plants  from  France,  received  for  testing  from  the 
Department  of  Agriculture,  Washington,  D.  C.  Plants  moderately 
vigorous,  hardy,  not  very  productive.  Fruit  medium  or  below  in 
size,  firm,  rather  dark  red,  fair  flavor  and  quality.  Inferior  to 
standard  kinds. 

Superlative.— (Ell wanger  &  Barry,  Rochester,  N.  Y.)  Plants 
dwarfish  with  rather  slender  canes,  winter  injury  varied  from  o  to 
75  per  ct.  during  the  past  six  years,  not  very  productive.  Fruit 
above  medium  to  very  large,  attractive  red,  rather  soft,  good  to  very 
good  in  flavor  and  quality.  An  old  variety  of  good  quality,  but 
the  plants  are  rather  tender,  unproductive  and  the  fruit  too  soft 
for  shipping  any  long  distance, 

Surpasse  FalstofF. — Plants  from  France,  received  for  testing 
from  the  Department  of  Agriculture,  Washington,  D.  C.  Bushes 
moderately  vigorous,  hardy,  moderately  productive.  Fruit  large, 
light  red,  rather  soft,  lacking  in  both  flavor  and  quality.  Appears  to 
be  undesirable. 

Surpasse  McrveiUe. —  Plants  from  France,  received  from  the  De- 
partment of  Agriculture,  Washington,  D.  C,  for  testing.  Bushes 
hardy,  vigorous,  productive.  Fruit  medium  to  above,  moderately 
firm,  good  in  flavor  and  quality.  Fruit  drops  rapidly  in  size  as  the 
season  advances,  and  does  not  appear  to  be  equal  to  standard  kinds. 

Surprise  D'Automne. — Plants  from  France,  received  for  test-, 
ing  from  the  Department  of  Agriculture,  Washington,  D.  C,  in 
1899.  Bushes  moderately  vigorous,  hardy,  moderately  productive. 
Berries  medium  to  below  in  size,  moderately  firm,  only  moderately 
attractive  yellowish  color.  Not  equal  to  standard  varieties  in  flavor 
or  quality, 

Talbot. — (M.  J.  Ellis,  Norwood,  Mass.)  A  seedling  discovered 
in  the  garden  of  Mr.  J.  W.  Talbot,  Norwood,  Mass.,  about  1888. 
Plants  vigorous,  healthy,  usually  hardy,  moderately  productive  to 
productive.  Fruit  medium  to  large,  attractive  red  color,  rather 
soft,  grains  large,  juicy,  mildly  acid,  good  in  flavor  and  quality. 
Inferior  to  such  standard  kinds  as  Cuthbert,  Marlboro  or  Loudon. 
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PURPLE  RASPBERRIES. 
{Rubus  neglectus.) 

Varieties  of  this  type  are  intermediate  in  character  between  red 
raspberries  and  black  raspberries.  They  are  supposed  to  be  hybrids 
between  these  two  species.  They  show  ali  gradations  in  habit  be- 
tween the  two  parent  types,  some  being  propagated  by  suckers, 
others  by  tips,  and  still  others  by  either  tips  or  suckers.  The  color 
of  the  fruit  is  usually  a  light  or  dark  purple.  Of  the  varieties 
described,  only  two,  Columbian  and  Shaffer,  at  the  present  time 
appear  to  have  any  conmiercial  value.  Haymaker  promises  to  be 
productive  and  firm  but  the  fruit  does  not  average  as  large  as  that 
of  Columbian  or  Shaffer. 

The  purple  raspberries  are  unexcelled  for  canning  purposes, 
being  superior  in  flavor  and  quality  to  the  red  raspberries,  but  the 
unattractive  purplish  color  is  a  great  drawback  to  their  sale  and  in 
many  markets  they  are  sold  only  in  limited  quantities  unless  their 
real  value  is  fully  known. 

DESCRIPTION  OF  VARIETIES. 

Caroline. — An  old  variety  received  at  this  Station  for  testing 
from  various  sources.  Originated  over  twenty-five  years  ago  by 
S.  P.  Carpenter,  New  Rochelle,  N.  Y,,  and  is  supposed  to  be  a 
seedling  of  the  Orange  crossed  by  a  Golden  Cap.  Plants  vigorous, 
numerous,  upright,  canes  light  colored,  stocky,  covered  with  very 
few  prickles,  foliage  rather  dark  green,  hardy,  very  productive. 
Fruit  medium  size,  of  orange-pink  color  deepening  to  salmon  tinge 
when  fully  ripe,  juicy,  soft,  very  good  in  flavor  and  quality.  One 
of  the  best  light-colored  raspberries.  May  be  propagated  either  by 
suckers  or  by  tips.  The  season  of  fruiting  is  somewhat  longer  than 
with  most  varieties.  On  account  of  color  and  softness,  is  not  of 
much  commercial  value  but  ranks  so  high  in  flavor  and  quality 
that  it  is  a  universal  favorite  for  home  use  where  a  berry  of  this 
type  is  desired. 

Columbian. —  (J.  T.  Thompson,  Oneida,  N.  Y.)  This  variety 
was  propagated  and  introduced  by  Mr.  Thompson  about  twenty 
years  ago.  A  seedling  of  the  Cuthbert  grown  near  a  Gregg  rasp- 
berry, and  believed  to  be  a  hybrid  between  these  two  varieties. 
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Plants  very  vigorous,  healthy,  canes  larger,  more  vigorous  and 
slightly  yellower  than  those  of  Shaffer,  hardy  or  nearly  so,  very 
productive.  Fruit  above  medium  to  very  large,  moderately  juicy, 
firm,  nearly  sweet,  slightly  darker  purple  than  Shaffer,  good  to 
very  good  in  flavor  and  quality.  The  Columbian  and  Shaffer  are 
two  of  the  best  purple  varieties  grown  for  commercial  purposes, 
and  in  some  places  it  has  been  claimed  that  they  are  identical.  The 
two  varieties  have  been  grown  side  by  side  for  a  number  of  years 
on  the  Station  grounds,  and  although  they  have  many  similar 
characteristics,  they  appear  to  be  distinct  both  in  the  size  and  cobr 
of  the  canes  and  in  the  average  size,  color  and  firmness  of  the 
berries.  The  fruit  of  Columbian  averages  slightly  smaller  than  that 
of  Shaffer,  is  firmer,  and  hangs  to  the  bushes  better  than  does  that 
variety.  The  principal  objection  to  this  class  of  fruit  for  com- 
mercial purposes  is  the  unattractive  color,  although  when  canned  it 
is  superior  to  the  red  varieties  both  in  flavor  and  in  quality. 

Haymaker. — (A.  O.  Haymaker,  Earlville,  O.)  Originated  and 
introduced  by  Mr.  Haymaker  a  few  years  ago  who  found  it  grow- 
ing on  his  farm.  Received  at  this  Station  for  testing  in  1901. 
Plants  moderately  vigorous  to  vigorous,  healthy,  winter  injury  from 
5  to  15  per  ct.  during  the  past  four  years,  productive.  Fruit  medium 
to  large,  averaging  smaller  in  size  than  Shaffer  or  Columbian,  re- 
sembling a  black  raspberry  in  shape,  color  light  and  dark  purple, 
presenting  a  rather  unattractive  appearance,  firm,  not  equal  to 
Columbian  or  Shaffer  in  flavor  or  quality.  Requires  further  testing 
to  fully  determine  its  value,  but  up  to  the  present  time  appears  to  be 
rather  inferior  to  either  Shaffer  or  Columbian. 

Morrison  Seedling. —  (J.  P.  Morrison,  Forestville,  N.  Y.)  Sent 
to  this  Station  for  testing  in  1896  by  Mr.  Morrison,  the  originator. 
Plants  vigorous,  nearly  hardy,  moderately  productive.  Fruit  small 
to  medium,  irregular  in  size,  grains  large,  rather  soft,  fair  in  flavor 
and  quality.    Decidedly  inferior  to  Shaffer  or  Columbian. 

Percy. — (J.  Craig,  Ottawa,  Can.)  Originated  by  William 
Saunders,  London,  Ont.,  as  a  hybrid  between  Gregg  and  Cuthbert. 
Plants  moderately  vigorous  to  vigorous,  usually  rather  hardy,  pro- 
ductive. Fruit  medium  to  above,  rather  darker  in  color  and  softer 
than  Shaffer,  often  inclined  to  crumble,  not  equal  to  Shaffer  in 
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flavor  or  quality.  Although  earlier  than  Shaffer  or  Columbian,  is 
not  equal  to  those  varieties  for  ccmtmercial  purposes, 

RedfielcL— (J.  Wragg  &  Son,  Waukee,  la.)  Said  to  be  a 
hybrid  which  was  originated  by  Wragg  &  Son,  from  whom  plants 
were  received  for  testing  in  1895.  Plants  moderately  vigorous  to 
ir^rous,  usually  rather  hardy,  moderately  productive.  Fruit  small 
to  medium,  dull  unattractive  purple,  moderately  firm,  fair  to  good 
flavor  and  quality.    Decidedly  inferior  to  Columbian  or  Shaffer. 

Sarah. — (J.  Craig,  Ottawa,  Can.)  A  seedling  of  Shaffer  origi- 
nated by  William  Saunders,  London,  Ont.  Received  at  this  Station 
for  testing  in  the  Spring  of  1896.  Plants  very  vigorous,  usually 
hardy,  only  moderately  productive.  Fruit  medium  or  above,  rather 
unattractive  reddish  purple,  rather  soft,  fair  to  good  in  flavor  and 
quality.  Not  equal  to  Columbian  or  Shaffer  in  productiveness,  size, 
M-  quality. 

Shaffer:  Shaffer's  Colossal. — An  old  variety  received  from 
various  sources  for  testing  at  this  Station.  Originated  by  Geo. 
Shaffer,  Scottsville,  N.  Y.,  about  1871,  and  introduced  by  Chas. 
A.  Green,  Rochester,  N.  Y.  Plants  slightly  less  vigorous  and  canes 
a  little  darker  and  smaller  than  Columbian,  hardy  or  nearly  so, 
productive  but  not  quite  so  heavy  a  yielder  as  Columbian.  Fruit 
averages  slightly  larger  than  that  of  Columbian,  slightly  softer,  with 
a  lighter  purple  tinge  and  slightly  more  acid  in  flavor,  ranking 
good  to  very  good  in  flavor  and  quality.  This  is  one  of  the  best 
of  the  purple  raspberries,  and  is  highly  esteemed  for  canning. 

Superb.— (J.  T.  Lovett  &  Co.,  Little  Silver,  N.  J.)  Origi- 
nated with  J.  Churchman,  Burlington,  N.  J.,  over  thirty  years  ago. 
Plants  semi-dwarf  or  only  moderately  vigorous,  usually  hardy,  not 
very  productive.  Fruit  medium  to  large,  moderately  firm,  rather 
dark  red,  grains  above  medium,  good  in  flavor  and  quality.  Too 
variable  in  size  and  not  productive  enough  for  a  good  commercial 
sort. 

Teletaugh.— (J.  F.  Street,  West  Middleton,  Ind.)  Origi- 
nated with  Mr.  Street,  who  states  that  it  is  a  hybrid  produced  by 
crossing  Shaffer  with  Gregg.  Plants  moderately  vigorous,  moderate 
amount  of  winter  injury,  moderately  productive.  Fruit  medium  to 
below,    grains    large,    moderately   firm,   rather    unattractive   dark 
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putple,  often  inclined  to  crumble,  fair  in  flavor  and  quality.     Not 
equal  to  Shaffer. 

Wallace.— (T.  G.  Wallace,  Atlantic,  la.)  Originated  with 
Mr.  Wallace.  Received  for  testing  in  1898.  Plants  moderately 
vigorous  to  vigorous,  winter  injury  from  o  to  25  per  ct,  for  three 
years,  productive.  Fruit  below  medium  to  above  medium,  rather 
unattractive  dull  reddish  purple,  only  moderately  firm,  more  acid 
than  Columbian  or  Shaffer,  fair  flavor  and  quality.  So  far  as 
tested  at  this  Station  is  not  equal  to  standard  purple  varieties. 

r.\. .:[.-:■  i 

BLACK  RASPBERRIES. 
(Rubus  occidentaiis.) 

NOTES  ON  VARIETIES. 

Hardiness. —  During  the  past  five  years  the  winter  injury  to 
most  of  the  varieties  was  not  due  so  much  to  their  lack  of  hardiness 
as  it  was  to  the  weakened  condition  caused  by  the  destructive  work 
of  the  fungus  disease,  anthracnose,  already  referred  to  on  page  416 
For  this  reason  lists  are  not  given  although  the  average  rating  in 
regard  to  winter  injury  is  in  most  cases  recorded  in  the  description 
of  each  variety. 

Earliness. —  The  season  of  black  raspberries  is  considerably 
shorter  than  that  of  the  red  varieties,  a  larger  percentage  of  the 
crop  being  usually  secured  at  each  picking.  The  following  lists 
indicate  the  varieties  which  begin  to  ripen  early  and  those  which 
give  good  yields  late  in  the  season. 

Early.  Lat«. 

Eureka,  Mills, 

Hopkins,  Onondaga, 

Mohler,  Palmer,* 

Palmer,*  Pioneer. 

Poscharsky  No.  p. 

Desirable  kinds. —  The  following  list  includes  the  varieties  which 
have  made  a  good  record  at  this  Station  for  several  years  and  which 
can  be  recommended  for  trial  where  they  have  not  already  been 
tested.     During  some  years,  however,  the  best  of  these  kinds  were 

'Unusually  long  season. 
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severely  injured  by  anthracnose.  It  appears  desirable  to  depend 
upon  new  plantations,  as  already  indicated,  rather  than  to  look  for 
anthracnose-proof  kinds,  although  such  varieties  would  be  a  great 
boon  to  the  fruit  grower,  and  possibly  by  careful  selection  and 
breeding,  sorts  immune  to  anthracnose  may  be  developed. 


Black  Diamond,** 

Hilboni, 

Mohler, 

Cumberland. 

Lawrence. 

Eureka, 

Livingston, 

Palmer. 

Gregg. 

Mills, 

DESCRIPTION    OF   VARIETIES. 

Beyer. —  (Hugo  Beyer,  New  London,  la.)  This  is  an  Iowa 
Kcdling  introduced  by  Mr.  Beyer,  and  received  for  testing  at  this 
Station  in  1904,  fruiting  for  the  first  time  in  1905.  Plants  moder- 
ately vigorous,  apparently  healthy  although  the  foliage  is  rather 
ligfit  green  or  faintly  tinged  with  yellow.  Blossoms  clustered  at 
the  ends  of  the  shoots,  and  also  for  some  distance  towards  the  base 
of  the  shoots.  Ripe  berries  and  blossoms  found  on  the  same  canes. 
Fruit  below  medium  to  medium,  firm,  seedy,  not  very  juicy,  rather 
acid,  possibly  good  in  flavor  and  quality.  The  claim  is  made  that  all 
of  the  canes  should  be  cut  down  at  the  close  of  each  season,  the  fruit 
being  borne  on  the  current  year's  growth.  Requires  further  testing 
to  fully  determine  its  value  but  up  to  the  present  time  has  shown 
very  few  desirable  characters. 

Bishop. — (B.  F.  Smith,  Lawrence,  Kan.)  Received  at  this 
Station  for  testing  in  1897.  Plants  vigorous,  healthy,  nearly  hardy, 
not  very  productive.  Fruit  averages  medium  to  above,  firm,  rather 
dull  unattractive  color,  covered  with  considerable  bloom,  rather 
seedy,  moderately  juicy,  fair  to  good  in  flavor  and  quality.  Not 
equal  to  standard  varieties. 

Black  Diamond.— (C.  W.  Stuart  &  Co.,  Newark,  N.  Y.)  In- 
troduced by  Stuart  &  Co.,  about  ten  years  ago.  Plants  vigorous, 
nearly  hardy,  productive.  Fruit  variable  in  size,  below  medium 
to  large,  moderately  firm,  nearly  sweet,  good  black  color,  fair  qual- 
ity. During  the  past  few  years  this  variety  has  made  a  poor  show- 
ing at  this  Station.     As  it  has  made  a  very  good  record  in  other 

■•See  description. 
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localities  in  Western  New  York,  it  appears  to  be  worthy  of  further 
testing  before  being  discarded. 

Cumberland.— (EUwanger  &  Barry,  Rochester,  N.  Y.)  Origi- 
nated a  number  of  years  ago  by  David  Miller,  Harrisburg,  Pa. 
Origin  doubtful  but  supposed  to  be  a  seedling  of  Gregg.  Plants 
vigorous,  only  a  moderate  amount  of  winter  injury  during  the 
past  four  years,  usually  productive.  Fruit  medium  to  large,  attrac- 
tive black  color,  juicy,  rather  sweet  when  fully  ripe,  firm,  good  to 
very  good  in  flavor  and  quality.  One  of  the  most  desirable  kinds 
for  commercial  purposes. 

Eureka.— {W.  N.  Scarff,  NVw  Carlyle.  O.)  Said  to  have  been 
found  growing  wild  on  the  farm  of  Jacob  Smith,  Miami  Co.,  Ohio. 
Plants  moderately  vigorous,  winter  injury  varied  from  ig  to  25 
per  ct.  during  the  past  three  years,  usually  productive.  Fruit  me- 
dium to  very  large,  attractive  black  color,  grains  medium  size,  firm, 
sweet,,  mild,  fair  to  good  in  flavor  and  quality.  This  is  a  standard 
variety  in  many  localities,  and  is  one  of  the  early  fruiting  desirable 
kinds  for  commercial  purposes. 

Gregg. —  An  old  variety  received  from  various  sources  for  test- 
ing at  this  Station.  Found  growing  wild  on  the  Gr^g  farm,  Ohio 
Co.,  Ind.,  in  1866.  Plants  vigorous,  moderately  hardy,  moderately 
productive  to  pro<iuctive.  Fruit-above  medium  to  very  large,  attract- 
ive black  color,  firm,  rather  sweet  when  fully  ripe,  good  to  very  good 
in  flavor  and  quality.  An  old  standard  sort  valuable  on  account 
of  its  size  and  quality,  although  not  as  productive  as  some  other 
varieties, 

Haliock  No.  I.— (N.  Hailock.  Queens.  N.  Y.)  Received  for  test- 
ing in  1898.  Plants  rather  weak  growers,  canes  slender,  moderate 
amount  of  winter  injury.  Fruit  medium  or  below,  moderately  flrni, 
slightly  acid,  fair  quality.     Not  equal  to  standard  kinds. 

Hilbom {F.  R.  Palmer  &  Son,  Mansfield,  Q.)     A  chance 

seedling  originating  on  the  grounds  of  W.  W.  Hilborn  over  twenty- 
five  years  ago.  Plants  vigorous  to  very  vigorous,  healthy,  nearly 
hardy,  productive.  Fruit  medium  to  large,  firm,  sweet,  good  to 
very  good  in  flavor  and  quality.  lias  many  qualities  that  commend 
it  for  commercial  planting. 

Hopkins. — (A.  M.  Purdy,  Palmyra,  N.  Y.)  A  seedling  found 
near  Kansas  City,  Mo.,  in  1872  and  introduced  by  Frank  Holsinger, 
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Rosedale,  Kan.  Plants  moderately  vigorous,  usually  rather  hardy, 
moderately  productive.  Fruit  above  medium  to  very  large,  nearly 
firm,  grains  medium  size,  attractive  black  color,  sweet,  good  in  flavor 
and  quality.  An  old  variety  which  has  made  a  fair  showing  in  some 
parts  of  the  State,  but  is  not  as  productive  as  some  other  varieties. 

Kansas. —  (A,  H.  Griesa,  Lawrence,  Kan.)  A  chance  seedling 
originated  by  Mr.  Griesa  in  1884.  Plants  moderately  vigorous, 
winter  injury  varied  from  5  to  25  per  ct.  during  the  past  five 
years,  productive.  Berries  variable  in  size,  medium  to  very 
large,  good  black  color,  grains  medium  size,  sometimes  inclined 
to  crumble,  rather  seedy,  moderately  juicy,  firm,  mild,  good  flavor 
and  quality.  Has  been  tested  for  a  number  of  years  at  this  Station 
but  has  not  made  as  good  a  record  as  some  of  the  other  black 
raspberries. 

Lawrence. — (A.  H.  Griesa,  Lawrence,  Kan.)  Originated  by 
Mr.  Griesa.  Plants  vigorous,  nearly  hardy,  productive.  Fruit 
above  medium  to  large,  moderately  firm,  attractive  black  color, 
fair  to  good  in  flavor  and  quality.  Has  many  points  that  commend 
it  for  commercial  purposes  but  is  slightly  lacking  in  quality. 

Livingston. — (C.  W.  Middleton,  Utica,  Mo.)  A  seedling  that 
is  supposed  to  be  a  cross  between  Gregg  and  Tyler.  Plants  vigor- 
ous to  very  vigorous,  winter  injur}'  from  10  to  15  per  ct.  during 
the  last  three  years,  productive.  Fruit  medium  to  large,  grains 
medium  size,  attractive  black  color,  firm,  mild,  good  in  flavor  and 
quality.  The  variety  has  made  a  good  showing  at  this  Station  and 
appears  to  be  worthy  of  more  extended  trial. 

Lovett.— (J.  T  Lovett,  Little  Silver,  N.  J.)  Originated  by 
Mr.  Ezra  Wood,  Jefferson  Osunty,  Ind.,  and  introduced  in  i8gi  by 
Lovett  &  Co.  Plants  moderately  vigorous,  canes  rather  slender, 
slight  amount  of  winter  injury,  moderately  productive  to  rather 
productive.  Fruit  medium  to  large,  attractive  black  color,  mod- 
erately firm,  sweet,  fair  to  good  flavor  and  quality.  Although  this 
variety  has  many  desirable  qualities,  it  does  not  appear  to  be  any 
improvement  on  standard  kinds. 

Manwaring  No.  i. — (C.  H.  Manwaring,  Lawrence,  Kan.)  A 
seedling  of  an  unknown  parentage  originated  by  Mr.  Manwaring. 
plants  moderately  vigorous,  canes  rather  slender,  dwarfish,  usually 
hardy,  moderately  productive.     Fruit  small  to  medium,  attractive 
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black  color,  moderately  firm,  mild  subacid,  lacking  in  flavor  and 
quality.    Does  not  appear  to  be  desirable. 

Mills. — (Charles  Mills,  Fairmount,  N.  Y.)  A  seedling  of 
Gregg  crossed  by  Tyler,  originating  with  Mr.  Mills.  Plants  vig- 
orous to  very  vigorous,  winter  injury  from  o  to  15  per  ct.  for  the 
past  four  years,  productive.  Fruit  above  medium  to  large,  firm, 
rather  dull  black  with  considerable  bloom ;  good  flavor  and  quality. 
A  desirable  kind  for  commercial  purposes. 

Mohler.—  (T).  M.  Mohler  &  Co.,  New  Paris,  O.)  Ori^nated 
as  a  seedling  of  Eureka  by  Mr.  Mohler.  This  variety  was  quite  fully 
described  in  the  annual  reports  of  this  Station  for  1894  and  1895, 
and  appeared  at  that  time  to  be  worthy  of  extended  trial  on  account 
of  its  size  and  productiveness.  It  has  continued  to  make  a  good 
record  at  this  station,  and  is  considered  worthy  of  testing  where 
it  has  not  yet  been  tried.  It  ranks  among  the  earliest  ripening 
varieties. 

Ohio. —  An  old  well  known  variety  received  from  various  sources 
for  testing  at  this  Station.  Fifteen  years  ago  this  was  one  of  the 
most  popular  of  commercial  varieties,  but  it  is  being  superseded 
by  better  kinds.  It  is  still  being  grown,  however,  in  certain  parts  of 
the  State  for  drying  purposes. 

Older. — An  old  variety  received  from  various  sources  for  test- 
ing at  this  Station.  Found  growing  wild  in  the  garden  of  Mr. 
Older,  Independence,  la,  in  1872,  and  introduced  by  L.  K.  Ballard, 
Warren,  111.  Plants  vigorous,  moderate  amount  of  winter  injury, 
moderately  productive.  Fruit  variable  in  size,  ranging  from  medium 
to  large,  moderately  firm,  moderately  juicy,  slightly  acid,  good 
flavor  and  quality.  Hardly  equal  to  such  varieties  as  Mills  or 
Cumberland. 

Onondaga, — (Charles  Mills,  Fairmount,  N.  Y.)  A  seedling  of 
Gregg  crossed  by  Tyler,  originating  in  1884  with  Mr.  Mills,  Plants 
vigorous  to  vigorous,  winter  injury  from  o  to  15  per  ct.  during  the 
past  five  years,  productive  to  moderately  productive.  Fruit  large,  of 
attractive  black  color,  firm  or  nearly  so,  good  flavor  and  quality.  ITiis 
variety  has  many  good  points  which  commend  it  for  commercial 
purposes. 
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Palmer This  variety  has  been  received  from  various  sources 

for  testing  at  this  Station  during  the  past  twelve  years.  Originated 
by  F.  L.  Palmer,  Mansfield,  Ohio,  and  introduced  in  1888.  Plants 
moderately  vigorous  to  vigorous,  winter  injury  from  o  to  50  per  ct, 
during  the  past  five  years,  moderately  productive.  Fruit  medium 
to  above,  rather  dull  black,  firm,  grains  medium  to  below,  nearly 
sweet,  good  in  flavor  and  quality.  Although  the  berries  lack  some- 
what in  size,  and  the  plants  in  productiveness,  it  is  nevertheless 
considered  valuable  in  many  locahties  on  account  of  its  earliness. 
It  is  one  of  the  first  of  the  black  raspberries  to  ripen. 

Perpetual  King. — (Columbian  Grape  Co.,  Kingston,  O.)  Re- 
ceived for  testing  at  this  Station  in  1897.  Plants  not  vigorous, 
dwarfish,  canes  thickly  covered  with  prickles  and  often  covered  with 
bluish  bloom,  rather  tender,  not  productive.  Fruit  medium  to  large, 
rather  unattractive  black,  moderately  rirm,  slightly  acid,  f^ir  quality. 
Undesirable. 

Poscharsky  No.  9. —  (F.  W.  Poscharsky,  Princeton,  III.)  This 
seedling  which  originated  with  Mr.  Poscharsky,  has  been  tested 
here  for  a  number  of  years.  Plants  moderately  vigorous,  rather 
weak  canes,  rathre  hardy,  moderately  productive.  Fruit  vaiiuhle 
in  size,  ranging  from  small  to  nearly  large,  grains  small  and  com- 
pact, moderately  firm,  good  black  color,  rather  acid,  fair  to  good  in 
quality.    Undesirable. 

Rowena. — (J.  P.  Stahelin,  Bridgman,  Mich.)  An  accidental 
seedling  found  by  Mr.  Stahelin,  from  whom  the  plants  were  re- 
ceived in  1897.  Plants  vigorous  to  very  vigorous,  usually  rather 
hardy,  rather  productive.  Fruit  below  medium  to  nearly  large, 
rather  dull  black  with  considerable  bloom,  firm,  grains  medium  size, 
fair  to  good  flavor  and  quality.    Inferior  to  standard  kinds. 

ToivHsend  Ko.  2. —  (G.  Townsend,  Gordon,  O.)  Originated  from 
seed  of  Gregg  by  Mr.  Townsend.  Plants  vigorous  to  very  vigorous, 
usually  hardy,  rather  productive.  Fruit  medium  to  large,  not  par- 
ticularly attractive  in  color  on  account  of  heavy  bloom,  grains 
medium  to  above,  firm,  sometimes  inclined  to  crumble,  somewhat 
seedy,  sweet,  good  flavor  and  quality.    Inferior  to  standard  kinds. 
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BLACKBERRIES. 

NOTES   ON    VARIETIES. 

Hardiness. —  Blackberry  culture  is  of  comparatively  little  im- 
portance in  New  York.  Blackberry  growing  largely  resolves  itsel) 
into  an  effort  to  grow  only  those  kinds  fairly  hardy  under  New- 
York  conditions.  It  is  probable  that  in  a  few  sections  of  the  State 
winter  protection  of  a  tew  desirable  kinds  would  prove  profitable, 
as  several  most  excellent  sorts  are  somewhat  tender.  The  following 
is  a  Hst  of  the  hardy  and  tender  sorts.  Observations  were  made 
for  several  years;  the  list  of  hardy  sorts  includes  those  not  injured 
over  25  per  ct. ;  the  list  of  tender  ones,  those  injured  severely,  in 
some  cases  as  high  as  90  per  ct. 


Hardy  or  Nearly  so. 

Not  Hahby. 

Agawam, 

Allen. 

Florence, 

Ancient  Briton, 

Black  Chief. 

Ida, 

Oiautauqua, 

Bow  Cane, 

Kittatinny. 

Eldorado. 

Childs  Tree, 

Lovett, 

Fruitland, 

Clark. 

Mersereau, 

New   Rochdle, 

Clifton, 

Minnewaski, 

Ohmer, 

Dorchester, 

Rathbun, 

Snyder, 

Early  Harvest, 

Reyner, 

Stone   Hardy, 

Early  King, 

Success, 

Taylor, 

Early  Mammoth, 

Wilson  Jr. 

Tyler, 

Wachusett, 

Earliness. —  The  time  of  fruiting  varies  so  much  that  no  very 
satisfactory  list  as  to  season  can  be  given.  Some  varieties  have 
a  long  season,  others  ripen  early  or  late,  depending  on  character 
of  soil  and  exposue.  The  following  is  a  list  of  those  varieties  from 
which  fruit  was  picked,  early  in  the  season  and  thiDse  giving  good 
yields  near  the  close  of  the  season. 

Early.  Late. 

Agawam.*  Agawam,* 


Allen, 

Early  Harvest 

Early  King. 

Eldorado. 

Minnewaski. 

Rathbun, 

Wilson  Jr.. 


Ancient  Briton. 
Chautauqua, 
Childs  Tree. 
Florence, 
Mersereau, 

Success, 
Taylor, 
Tylei 
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Desirable  kinds. —  Not  all  of  the  varieties  in  the  following  list 
are  hardy  nor  is  the  fruit  of  some  of  the  kinds  very  large.  The 
varieties,  however,  have  made  good  records  for  several  years  in 
some  parts  of  the  State  and  are  worthy  of  consideration  although 
it  cannot  be  expected  that  very  many  of  them  wilt  be  entirely  satis- 
factory in  the  same  locality, 

Agawam,  Minnewaski, 

Ancient  Briton,  New  Rochdle, 

Chautauqua,  Ohmer, 

Early  Harvest  Rathbun, 

EMorado,  Snyder, 

Kittatinny,  Success. 
Mersereau, 

THE  LONG-CLUSTER  BLACKBERRIES. 

(Rubus  nigrobaccus.) 

description  of  varieties. 

Allen. — (W.  B.  K.  Johnson,  Allentown,  Pa.)  Received  at  this 
Station  for  testing  in  1900.  Plants  moderately  vigorous,  rather 
dwarf,  winter  injury  varying  from  5  per  ct.  to  75  per  ct.  during  the 
past  four  years,  rather  productive.  Fruit  rather  small,  elongated, 
good  attractive  black  color,  firm,  mild  in  flavor  when  fully  ripe, 
good  quality.  In  appearance  the  fruit  closely  resembles  Early 
Harvest  and  is  fully  as  early  in  its  season  of  ripening.  So  far  as 
tested  at  this  Station  does  not  appear  to  be  very  hardy,  and  on 
account  of  dwarf  habit  of  growth  is  not  as  productive  as  some  of 
the  taller-growing  standard  varieties. 

Ancient  Briton. — (Ellwanger  &  Barry,  Rochester,  N.  Y,)  An 
old,  well-known  variety  which  was  first  brought  to  notice  in  Wis- 
consin. It  is  said  to  have  been  brough  to  this  country  from  Great 
Britain  about  fifty  years  ago.  Plants  moderately  vigorous  to  vigor- 
ous, stocky,  with  an  abundance  of  large  prickles,  winter  injury  from 
o  to  25  per  ct.  during  the  past  five  years,  productive  to  very  pro- 
ductive. Fruit  medium  to  above,  possibly  averaging  slightly  below 
Agawara  but  larger  than  Snyder,  slightly  elongated,  good  black 
color,  mild  when  fully  ripe,  good  to  very  good  in  flavor  and  quality. 
Somewhat  resembles  the  Agawam  in  size,  color  and  quality  and  is 
considered  a  standard  berry  for  commerdal  purposci. 
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Chautauqua.—  (K.  E.  Downer,  Forestville,  N.  Y.)  Plants  of 
this  variety  were  received  for  testing  in  the  spring  of  1903,  fruit- 
ing for  the  first  time  in  1905,  Winter  injury  from  5  to  10  per  ct. 
during  the  past  two  years.  Plants  vigorous,  stocky,  rather  produc- 
tive. Fruit  large,  inclined  to  roundish,  attractive  black  color,  grains 
large,  rather  agreeable  acid  when  fully  ripe,  good  flavor  and  quality. 
Has  not  yet  been  sufficiently  tested  to  determine  its  value  but 
appears  to  be  promising, 

Clark.— (M.  Crawford  Co.,  Cuyahoga  Falls,  O.)  Received  at 
this  Station  for  testing  in  the  spring  of  1897.  Plants  vigorous, 
making  a  very  satisfactory  growth,  winter  injury  from  o  to  50  per 
ct  during  the  past  five  years,  moderately  productive  to  rather  pro- 
ductive. Fruit  late  in  ripening,  below  medium  to  above  medium 
in  size,  nearly  round  to  slightly  elongated,  moderately  acid,  rather 
soft,  no  more  than  good  in  flavor  and  quality.  Does  not  appear 
to  be  as  valuable  as  standard  varieties  like  Agawam,  Mersereau, 
etc.,  as  the  fruit  is  variable  both  in  size  and  shape  while  the  color 
is  rather  unattractive  dull  black. 

Eldorado. — (Birdseye  &  Son,  Stanley,  N.  Y.)  A  chance  seed- 
ling found  near  Eldorado,  Ohio,  and  introduced  about  1882,  Plants 
have  been  received  from  various  places  for  testing.  Moderately 
vigorous  to  vigorous  with  numerous  large  prickles,  moderately  pro- 
ductive to  productive.  Appears  to  be  one  of  the  hardiest  at  this 
Station  averagmg  in  6  years  from  5  to  25  per  ct.  winter  injury 
with  no  injury  during  four  years.  Fruit  medium  to  large,  roundish 
to  slightly  elongated,  sweet,  juicy,  good  color,  mild  when  fully  ripe, 
fair  to  good  in  flavor  and  quality.  Has  made  a  good  Record  in  many 
parts  of  the  State  as  a  commercial  variety. 

Florence.— (G.  E.  Goldsmith,  Unionville,  N.  Y.)  A  seedling 
of  unknown  parentage  found  by  Mr.  Goldsmith  in  1895.  Received 
at  this  Station  for  testing  in  the  spring  of  1902,  fruiting  for  the 
first  time  in  1904.  Growth  rather  vigorous,  winter  injury  varied 
from  15  to  75  per  ct.  during  the  past  two  years,  appears  rather  pro- 
ductive. Fruit  variable  in  size,  medium  to  very  large,  usually 
roundish,  sometimes  slightly  elongated,  rather  attractive  color, 
grains  rather  large,  juicy,  not  a  mild  berry  even  when  fully  ripe, 
possibly  good  but  not  high  in  flavor  or  quality.    Has  not  yet  been 
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sufficiently  tested  at  this  Station  to  determine  its  value  but  appears 
to  be  rather  tender  in  this  locahty. 

Ohmer. — (N.  H.  Albaugh,  Tadmore,  O.)  Introduced  over  ten 
years  ago  by  E.  Y.  Teas,  Irvington,  Ind.  Plants  moderately  vig- 
orous, canes  rather  large  witli  but  few  prickles,  winter  injury  from 
ID  to  20  per  ct.  during  the  past  three  years,  moderately  productive. 
Fruit  above  medium,  roundish,  grains  large,  juicy,  rather  acid  even 
when  fully  ripe,  good  flavor  and  quality.  Although  not  as  pro- 
ductive as  some  varieties,  has  made  a  fairly  good  record  at  this 
Station. 

Keyner. — {S,  R.  Alexander,  Bellefontaine,  O.)  Plants  vigor- 
ous, healthy,  canes  large,  tinged  with  green,  covered  with  few 
prickles,  winter  injury  from  10  to  30  per  ct.  during  the  past  three 
years,  not  very  productive.  Fruit  medium  to  above,  roundish  or 
slightly  elongated,  grains  large,  rather  sweet  when  fully  ripe,  good 
flavor  and  quality.  As  fruited  at  this  Station,  hardly  productive 
enough  to  be  a  good  commercial  variety. 

Taylor. — An  old  variety  received  from  several  sources  for 
testing  at  this  Station.  Said  to  have  originated  in  Indiana  over 
twenty  years  ago.  Plants  vigorous  to  very  vigorous,  canes  pale 
green  with  slight  tinge  of  red  and  covered  with  numerous  slentler 
prickles,  usually  hardy,  not  very  productive.  Fruit  small  to 
medium,  usually  slightly  elongated,  radier  sweet  when  fully  ripe, 
very  good  flavor  and  quality.  Rii>ens  about  two  weeks  later  than' 
Snyder.  Although  of  excellent  quality  and  hardy,  is  not  as  pro- 
ductive as  Snyder  and  does  not  appear  to  be  as  desirable  for  this 
locality  as  some  of  the  other  well  known  varieties. 

Wachusett, — An  old  variety  which  has  never  become  very 
popular  in  this  State,  Said  to  be  one  of  the  mosj  hardy  varieties; 
found  growing  wild  on  Mt.  Wachusett.  Plants  moderately  vig- 
orous, canes  medium  size,  purplish  red  when  fully  mature,  cov- 
ered with  small  scattering  prickles,  hardy,  usually  not  productive. 
Fruit  small  to  medium,  roundish  or  slightly  elongated,  juicy,  sweet, 
good  flavor  and  quaUty.  Is  not  productive  enough  to  be  of  much 
value  in  this  section. 
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THE  SHORT-CLUSTER  BLACKBERRIES. 
(Rubus  nigrobaccus,  var.  sativus.) 

DESCRIPTION    OF    VARIETIES. 

Agawam. — {From  bed  in  Station  grounds.)  A  wilding  found 
in  a  pasture  between  1865  and  1870  by  John  Perkins,  Ipswich, 
Mass.  Plants  vigorous  to  very  vigorous,  above  medium  to  tall, 
stout,  numerous,  prickles  comparatively  few  and  small,  winter 
injury  from  o  to  25  per  ct.  during  the  past  five  years,  very  pro- 
ductive. Fruit  above  medium  to  medium,  usually  slightly  elongated, 
attractive  bright  black  color,  mild  when  fully  ripe,  good  lo  very 
good  in  flavor  and  quality.  This  is  a  well  known  standard  variety 
which  has  made  a  good  record  commercially  in  many  places. 
Although  the  fruit  is  not  of  the  largest  size  it  is  of  excellent  color, 
desirable  flavor  and  quality,  averages  larger  than  Snyder,  is  very 
productive  and  ships  well. 

Black  Chief. — (J.  H.  Haynes,  Delphi,  Ind.)  Plants  very  vig- 
orous, greenish,  with  numerous  small  prickles,  unproductive ;  winter 
injury  varying  from  10  to  85  per  ct.  during  the  past  five  years. 
Fruit  medium  size,  roundish,  grains  medium,  very  mild,  sweet  when 
fully  ripe,  good  flavor  and  quality.  Appears  to  have  but  little 
value  in  this  section  as  the  canes  are  not  hardy  and  the  plants  are 
rather  unproductive. 

Fniitland.— (W.  N.  Scarff,  New  Carlyle,  0.)  Plants  vigorous 
to  very  vigorous,  upright,  canes  tinged  with  greenish  red,  with 
moderately  numerous  prickles;  winter  injury  varied  from  10  to  25 
per  ct.  for  the  past  three  years,  not  productive.  Fruit  medium, 
roundish,  grains  variable  in  size,  rather  sweet,  good  to  very  good 
flavor  and  quality.    Not  equal  to  standard  varieties. 

Kittatinny. — (Slaymaker  &  Son,  Dover,  Del.)  Said  to  be  a 
seedling  found  in  the  Kittatinny  Mountains,  Warren  Co.,  N.  J. 
Plants  moderately  vigorous  to  rather  vigorous,  canes  reddish  color 
when  mature,  covered  with  many  large  prickles,  winter  injury 
varied  from  5  to  40  per  ct.  during  the  past  four  years,  usually 
only  moderately  productive  on  account  of  winter  injury  to  canes. 
Frequently  attacked  by  orange  rust.  Fruit  above  medium  to  large, 
usually  slightly  elongated,  attractive  black  color,  juicy,  agreeably 
mild  when  fully  ripe,  good  to  very  good  in  flavor  and  quality.    One 
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of  the  oldest  varieties,  and  of  considerable  value  commercjally  in 
sections  where  it  is  not  injured  by  the  winter  and  when  not  attacked 
by  orange  rust.  Is  not  considered  very  hardy  in  Western  New 
York. 

Lovett — (J.  T.  Lovett,  Little  Silver,  N.  J.)  Plants  vigorous 
to  very  vigorous,  canes  upright,  covered  with  numerous,  rather 
large  prickles,  winter  injury  varied  from  o  to  50  per  ct,  during 
the  past  four  years,  unproductive.  Fruit  small  to  medium,  nearly 
sweet  when  fully  ripe,  grains  variable,  good  flavor  and  quality.  Not 
equal  to  standard  varieties. 

Mersereau.~(J.  W.  Mersereau,  Cayuga,  N.  Y.)  Said  to  be  a 
seedling  of  Snyder  found  by  Mr.  Mersereau,  growing  among  his 
Snyder  bushes  over  twelve  years  ago.  Plants  vigorous  to  very 
vigorous,  healthy,  canes  medium  size,  with  moderate  amount  of 
prickles,  winter  injury  varied  from  5  to  50  per  ct.  during  the  past 
five  years,  averaging  only  5  per  ct,,  however,  for  three  years; 
productive.  Fruit  usually  above  medium  to  large,  roundish  to 
slightly  elongated,  attractive  black  color,  medium  sized  grains,  juicy, 
mildly  sweet  when  fully  ripe,  rather  sprightly,  good  flavor  and 
quality.  Has  made  a  good  record  in  many  parts  of  the  State  and 
is  already  being  grown  commercially  in  many  places.  Generally 
considered  one  of  the  most  desirable  kinds,  and  is  certainly  worthy 
of  trial  where  it  has  not  yet  been  tested. 

MinnewaskL — Plants  have  been  received  and  tested  from 
various  sources.  Originated  over  twenty-two  years  ago  by  A.  J, 
Caywood  &  Son,  Marlboro,  N,  Y.,  and  is  a  cross  of  Kittatinny  and 
a  wild  blackberry.  Plants  moderately  vigorous  to  rather  vigorous, 
canes  usually  slightly  tinged  with  red,  with  numerous  branches  and 
thickly  covered  with  prickles;  winter  injury  varied  from  15  to  5^ 
per  ct.  during  the  past  five  years;  usually  moderately  productive 
when  not  injured  by  the  winter.  Fruit  above  medium  to  large, 
roundish  to  slightly  elongated,  sweet  and  juicy  when  fully  ripe, 
good  in  flavor  and  quality.  It  is  rather  tender  and  largely  on  this 
account  has  never  become  very  popular  as  a  commercial  variety. 

Nev?  Rochelle.-— {Ellwanger  &  Barry,  Rochester,  N.  Y.)  This 
variety  is  known  in  some  places  as  the  Lawton.  Said  to  be  a  wild- 
ing found  by  the  roadside  and  introduced  into  the  gardens  of  New 
Rochelle,  N.  Y.    Described  by  E.  P.  Roe,  New  York,  in  1875,  as 
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an  old  and  well  known  variety.  Plants  vigorous,  canes  stocky,  cov- 
ered with  numerous  rather  large  prickles;  winter  injury  varied 
from  10  to  25  per  ct.  during  the  past  five  years ;  moderately  pro- 
ductive to  productive.  Fruit  large  to  medium,  usually  slightly 
elongated,  attractive  black  color,  juicy,  nearly  sweet  when  fully 
ripe,  good  in  flavor  and  quality.  In  some  localities  it  is  reported 
as  rather  tender,  but  has  made  a  good  record  at  this  Station,  the 
average  winter  injury  for  three  years  in  succession  being  only  10 
per  ct. 

Snyder. — ^An  old  variety,  plants  of  which  have  been  received 
from  various  sources  for  testing.  A  wilding  found  in  Northern 
Indiana  over  fifty  years  ago.  Plants  vigorous  to  very  vigorous, 
healthy,  canes  large,  upright,  covered  with  numerous  large  prickles, 
very  little  if  any  winter  injury  during  the  past  five  years,  pro- 
ductive. Fruit  medium  to  small,  roundish,  color  often  inclined  to 
become  unattractive  unless  berries  are  fully  mature  before  picking, 
juicy,  pleasant  flavored,  good  quality.  A  valuable  standard  com- 
mercial variety  grown  in  many  places  on  account  of  its  hardiness, 
although  the  berries  are  inclined  to  run  rather  small,  and  under 
unfavorable  conditions  the  color  becomes  a  dull  brownish  red, 

Sttme  Hardy.— (S.  E.  Hall,  Cherry  Valley,  III.)  Said  to  be 
a  chance  seedling  found  in  Illinois,  and  introduced  over  twenty 
years  ago.  Plants  moderately  vigorous  to  rather  vigorous,  canes 
rather  slender,  upright,  covered  with  numerous  long  prickles,  hardy, 
productive.  Fruit  small  to  medium,  averaging  about  the  same  as 
Snyder,  roundish,  juicy,  nearly  sweet,  good  in  flavor  and  quality. 
Does  not  appear  to  be  as  popular  as  Snyder  which  variety  it  re- 
sembles in  many  respects. 

Success.— (L.  W.  Carr  &  Co.,  Erie,  Pa.)  Plants  moderately 
vigorous,  canes  tinged  with  green  and  covered  with  numerous 
prickles,  winter  injury  varied  from  o  to  50  per  ct.  for  the  past 
five  years,  moderately  productive  to  productive.  Fruit  variable  in 
size,  averaging  above  medium,  grains  medium  size,  roundish,  juicy, 
good  color,  good  in  flavor  and  quality.  Appears  to  be  quite  hardy 
when  the  canes  are  properly  ripened,  the  average  winter  injury  for 
three  years  being  only  4  per  ct. 
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Tyler. — (Birdseye  &  Son,  Stanley,  N.  Y.)  Plants  vigorous  to 
very  vigorous,  nearly  hardy,  the  winter  injury  varying  from  o 
to  5  per  ct.  for  the  past  six  years,  moderately  productive  to  pro- 
ductive. Fruit  above  medium  to  small,  usually  slightly  elongated, 
variable  both  in  size  and  shape,  nearly  sweet,  fair  to  good  in  flavor 
and  quality.  In  general  appearance  is  not  equal  to  such  varieties 
as  Agawam,  Ancient  Briton  or  Eldorado.  It  is,  however,  one  of 
the  hardiest  varieties,  but  does  not  equal  Snyder  in  productiveness. 

Clifton.* — (L.  J.  Clifton,  Memphis,  N.  Y.)  Plants  received  at 
this  Station  for  testing  in  the  spring  of  1898.  Moderately  vigorous 
to  vigorous,  winter  injury  o  to  50  per  ct.  during  the  past  five  years, 
rather  productive.  Fruit  varies  in  size  from  small  to  large,  attrac- 
tive black  color,  roundish  to  slightly  elongated,  agreeable  acid,  good 
flavor  and  quality.  Appears  to  be  worthy  of  testing  if  it  will  endure 
ordinary  winter  exposure,  but  it  seems  to  be  rather  tender, 
as  the  average  winter  injury  for  the  past  two  years  was  50  per  ct. 

THE  LEAFY-CLUSTER  BLACKBERRIES. 
{Rubtis  argntus.) 

DESCRIPTION  OF  VARIETIES. 

Dorchester. — (Ellwanger  &  Barry,  Rochester,  N.  Y.)  An  old 
well  known  variety  originating  in  Dorchester,  Mass.,  and  intro- 
duced in  1850.  Plants  moderately  vigorous  to  vigorous,  upright, 
with  numerous  small  prickles,  winter  injury  from  10  to  50  per  ct. 
during  the  past  five  years,  productive.  Fruit  medium  size,  elong- 
ated, attractive  black  color,  moderately  sweet,  good  in  flavor  and 
quality  but  hardly  equal  to  Agawam  in  flavor  or  productiveness. 

Early  Harvest. — {Slaymaker  &  Son,  Dover,  Del.)  This  old 
variety  is  said  to  have  originated  in  Southern  Illinois,  Plants  mod- 
erately vigorous,  tinged  with  red,  covered  with  comparatively  few, 
small  prickles,  winter  injury  varied  from  o  to  75  per  ct.  for  the 
past  six  years,  moderately  productive  to  rather  productive.  Fruit 
me<lium  size,  usually  slightly  elongated,  good  color  ,mild  when 
fully  ripe,  very  juicy,  fair  to  good  in  flavor  and  quality.  One  of 
the  earliest  to  ripen  and  is  valuable  only  for  this  reason, 

•Species  in  doubt 
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Early  King.— (Ell wanger  &  Barry,  Rochester,  N.  Y.)  Fruited 
at  this  Station  for  a  number  of  years.  Plants  moderately  vigorous 
to  vigorous,  purplish  when  mature,  canes  of  medium  size,  prickles 
long,  numerous.  Ripening  about  a  week  earlier  than  most  varieties 
but  rather  unproductive  as  is  usual  with  early  varieties.  Winter 
injury  from  5  to  80  per  ct,  during  the  past  five  years.  Fruit  medium 
size,  roundish  or  slightly  oblong,  usually  attractive  color,  only  fair 
to  good  in  flavor  and  quality, 

Ida.— Received  for  testing  at  this  Station  in  1898  from  Thomp- 
son Sons,  Rio  Vista,  Va.  A  seedling  of  Early  Harvest.  Plants 
moderately  vigorous,  semi-dwarf,  unproductive  to  rather  produc- 
tive, winter  injury  from  o  to  75  per  ct.  for  the  past  four  years.  Fruit 
medium  size,  elongated,  rather  dull  black,  not  particularly  attractive, 
juicy,  fair  in  flavor  antl  quality.  So  far  as  tested,  is  inferior  to 
standard  varieties  at  this  Station. 


THE  LOOSE-CLUSTER  BLACKBERRIES. 
(Rubus  nigrobaccus  x  villosus.) 

DESCRIPTION  OF  VARIETIES. 

Bow  Cane.*— (Broome  Bros.,  McLoud,  Okla.)  Plants  received 
at  this  Sjation  for  testing  in  1900.  Moderately  vigorous,  very 
dwarfish  or  trailing  somewliai  hke  a  dewberry,  winter  injury  varied 
from  10  to  90  per  ct.  during  the  past  four  years,  unproductive. 
Fruit  medium  in  size,  unattractive  in  color,  roundish  to  slightly 
elongated,  grains  large,  rather  acid,  fair  to  good  in  flavor  and 
quality.  So  far  as  tested  at  this  Station  does  not  appear  to  be 
valuable  on  account  of  unproductiveness,  inferior  quality  and  tend- 
ency to  severe  winter  injury. 

Early  Manmioth.— (Cleveland  Nursery  Co.,  Rio  Vista,  Va.) 
Said  to  be  a  hybrid  between  the  blackberry  and  dewberry,  and 
much  resembles  Wilson  Jr.  in  habit  of  growth.  Plants  moderately 
vigorous,  tinged  with  red,  covered  with  numerous  slender  prickles, 
winter  injury  varierl  from  20  to  50  per  ct.  during  the  past  three 
years,  productive  when  not  injured  by  winter.  Fruit  variable  in 
size,  ranging  from  small  to  very  large,  often  imperfectly  developed, 

•Species  in  doubt. 
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attractive  bright  color,  usually  slightly  elongated,  grains  large,  very 
juicy,  rather  tart  when  fully  ripe,  fair  to  good  in  flavor  and  quality. 
Appears  to  be  too  tender  to  be  grown  in  this  locality  without  winter 
prot«tion. 

Rathbun. — (Slaymaker  &  Son,  Dover,  Del.)  Plants  received 
at  this  Station  for  testing  in  1896.  Bushes  only  moderately  vigor- 
ous, only  medium  height,  winter  injury  varied  from  10  to  90  per 
ct.  for  the  past  six  years,  moderately  productive  when  not  severely 
injured  by  winter.  Fruit  medium  to  very  large,  usually  slightly 
elongated,  attractive  black  color,  rather  mild  when  fully  ripe,  fair 
to  good  in  flavor  and  quality.  Although  the  fruit  is  very  desirable 
in  size,  the  bushes  are  rather  small  and  the  amount  of  winter  injury 
has  been  very  severe  in  some  years.  Does  not  appear  to  be  hardy 
enough  for  this  locality, 

Wilson  Jr.— (Birdseye  &  Son,  Stanley,  N.  Y.)  This  old 
variety  has  been  fruited  for  a  number  of  years  at  this  Station.  It 
was  originated  by  William  Parry,  Parry,  N.  J.,  in  1875,  and  it  is  said 
to  be  a  seedling  of  Wilson  Early,  Plants  intermediate  between 
dewberries  and  blackberries  with  low  habit  of  growth,  moderately 
vigorous,  canes  with  slight  tinge  of  red,  winter  injury  varied  from 
c  to  50  per  ct.  for  the  past  five  years,  only  moderately  productive 
when  not  injured  by  the  winter.  Fruit  variable  in  size,  medium  to 
very  large,  roundish  to  slightly  elongated,  grains  large,  sometimes 
imperfectly  developed,  very  juicy,  rather  acid  even  when  fully  ripe, 
good  to  very  good  in  flavor  and  quality.  The  habit  of  growth  is 
not  very  desirable  and  the  canes  need  winter  protection  in  this 
locality. 

THE  SAND  BLACKBERRY, 
(Rubus  cuneifolius.) 

DESCRIPTION  OF  VARIETIES. 

Childs  Tree.— (J,  L.  Childs,  Floral  Park,  N.  Y.)  Plants 
numerous,  rather  slender,  very  dwarf,  covered  with  many  prickles, 
not  productive,  winter  injury  from  10  to  90  per  ct,  during  the  past 
four  years.  Fruit  not  uniform  in  size,  ranging  from  small  to 
above  medium,  roundish  to  slightly  elongated,  rather  acid,  not  equal 
to  standard  kinds  in  flavor  or  quality.  Plants  have  been  tested  at 
this  Station  since  1894  and  appear  to  have  no  value  in  this  locality. 
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CULTURAL  DIRECTIONS. 

Introduction. —  In  discussing  the  growing  of  these  fruits  the  work 
is  not  taken  up  in  detail  to  give  full  and  explicit  directions,  but 
attention  is  briefly  called  to  some  of  the  most  important  subjects 
connected  with  the  successful  growing  of  the  crop.  The  details 
will  vary  to  suit  the  different  conditions  under  which  the  plants 
may  be  grown. 

Soil. —  Raspberries  and  blackberries  are  nearly  as  cosmopolitan 
as  strawberries  in  regard  to  adaptation  to  soils.  Deep  moderately 
sandy  loams  or  clay  loams  containing  an  abundance  of  humus 
usually  give  best  results  with  raspberries,  while  blackberries  are 
often  at  their  best  on  a  slightly  heavier  soil.  It  is  important  that 
the  soil  be  not  too  wet  as  this  condiion  often  increases  the  amount 
of  winter  injury. 

Fertilisers. —  There  is  no  one  brand  of  fertilizers  best  suited  to 
raspberries  and  blackberries  under  all  conditions.  The  kind  of 
plant  food  to  use  depends  largely  on  the  amount  and  kind  al- 
ready in  the  soil  and  also  somewhat  on  its  physical  condition. 
Some  soils  lack  nitrogen,  others  potash  or  phosphoric  acid  and 
many  are  deficient  in  humus  which  not  only  supplies  plant  food 
but  also  aids  greatly  in  the  retention  of  moisture.  Stable  manure 
and  cover  crops  are  available  for  supplying  humus.  Care  must 
be  used  in  making  applications  of  nitrogenous  fertilizers  or  the 
resulting  growth  will  not  mature,  a  condition  which  may  cause 
severe  winter  injury.  If  the  soil  is  already  rich  in  humus,  it 
would  appear  desirable  in  some  cases  to  avoid  the  use  of  stable 
manure,  using  commercial  fertilizers  in  its  place.  Wood  ashes, 
muriate  of  potash,  acid  phosphate,  etc.,  are  valuable  where  needed. 
The  best  way  to  determine  the  kind  and  amount  to  use  is  by  trial, 
leaving  check  rows  for  comparison. 

Preparation  of  land. —  Raspberries  and  blackberries,  unlike  straw- 
berries, occupy  the  soil  for  a  number  of  years,  and  for  this 
reason  the  preparation  should  be  very  thorough.  If  too  wet  the 
land  should  be  underdrained.  If  for  one  or  two  years  preceding, 
hoed  crops  have  been  used,  there  will  be  fewer  weeds  to  fight. 
The  land  should  be  well  plowed  and  thoroughly  fitted  to  receive 
the  plants. 


44^      Report  of  the  Horticultural  Department  of  the 

'  Selection  of  varieties. —  Plant  mainly  only  those  kinds  that 
appear  to  succeed  in  tlie  immediate  locality,  testing  newer  ones 
in  a  small  way.  The  varities  best  stiited  for  one  set  of  conditions 
may  be  failures  elsewhere.  In  another  part  of  this  bulletin  are 
given  lists  of  varieties  found  desirable  in  many  parts  of  the  State 
but  it  cannot  be  expected  that  all  will  do  equally  well  in  the  same 
locality. 

Propagation  and  selection  of  plants. —  Red  raspberries  are 
usually  propagated  by  transplanting  the  numerous  suckers  which 
come  up  freely  around  the  original  hills.  Black  raspberries  are 
increased  by  rooting  the  tips  of  the  nearly  mature  canes  in  late 
August  or  early  September.  The  ends  of  the  canes  are  covered 
lightly  with  earth,  and  by  late  fall  a  large  mass  of  fibrous  roots 
will  be  formed  with  a  well  developed  crown.  Varieties  of  purple 
raspberries  are  hybrids,  produced  by  crossing  red  and  black  rasp- 
berries, and  some  of  them  may  be  propagated  either  by  using 
suckers  or  by  rooting  the  tips  of  the  canes.  Blackberries  do  not 
sucker  as  freely  as  the  red  raspberries.  These  suckers  have  but 
few  fibrous  roots  and  as  a  rule  do  not  make  such  good  plants  as 
those  started  from  cuttings  of  the  blackberry  roots.  The  roots 
may  be  dug  in  the  fall,  cut  into  two  or  three  inch  lengths,  stratified 
over  winter  and  sown  in  nursery  rows  in  the  spring  and  most 
excellent  plants  are  usually  obtained  after  one  season's  growth. 
Only  strong  healthy  plants  should  be  selected,  and  it  is  often  an 
advantage  to  choose  these  from  a  younger  plantation  rather  than 
from  an  old  bed  the  plants  of  which  may  have  deteriorated  in 
vigor  and  may  be  infested  with  various  insects  and  diseases. 

Setting  the  plants. —  Blackberries  and  red  raspberries  may  be 
set  either  in  the  fall  or  in  the  early  spring.  If  set  in  late  Octo- 
ber or  early  November  the  rows  shoul<l  be  plowed  up  to,  making 
a  back  furrow  along  each  row  of  plants.  This  will  be  a  great 
protection  against  winter  •  injury.  Tlie  earth  should  be  taken 
away  from  the  hills  as  soon  as  the  ground  is  in  working  order  in 
early  spring.  Such  plants,  as  a  rule,  start  into  growth  earlier 
than  those  set  in  the  spring.  These  plants  should  be  set  as  deep, 
or  slightly  deeper,  than  they  were  in  the  original  beds.  Black 
raspberry  plants  and  the  purple  kinds  rooted  from  the  cane  tips 
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should  be  set  in  the  spring  instead  of  the  fall,  not  covering  the 
crown  too  deeply,  and  spreading  the  roots  in  a  circle  about  the 
center  of  the  crown.  It  is  an  advantage  to  set  the  plants  in  the 
bottom  of  a  shallow  furrow,  filling  in  as  the  plants  develop.  Under 
these  conditions  they  withstand  drought  better  and  the  canes  are 
not  so  easily  blown  over  by  the  wind. 

The  distance  apart  of  rows  and  of  plants  depends  on  the  system 
of  cultivation,  the  varieties,  the  natural  richness  of  the  ground 
and  the  location.  In  general  the  plants  should  not  be  crowded. 
Red  raspberries  may  be  set  closer  than  black  raspberries  and 
blackberries  should  be  set  the  farthest  apart.  These  distances  may 
vary  from  three  by  six  feet  to  four  by  eight  feet  depending  on 
conditions. 

Subsequent  treatment. —  The  ground  should  be  kept  well  culti- 
vated and  the  plants  hoed  as  occasion  requires.  In  young  plan- 
tations, if  the  plants  have  been  set  properly,  cultivation  may  be 
given  both  ways  thus  reducing  the  expense  of  keeping  down  the 
weeds.  The  cultivation  should  be  shallow  as  the  roots  lie  near 
the  surface.  On  heavy  clay  soils  it  may  sometimes  be  desirable 
in  some  seasons  to  plow  early  in  spring,  following  with  the  cul- 
tivator till  fruiting  time.  During  the  picking  of  the  fruit  there 
is  little  opportunity  to  cultivate,  but  the  ground  should  be  thoroughly 
stirred  as  soon  as  the  harvest  is  over.  If  desirable  a  cover  crop 
may  be  sown  in  late  August  or  early  September, 

During  the  first  two  years  it  is  not  always  necessary  to  give 
the  land  solely  to  the  berry  plants.  Potatoes,  cabbages,  straw- 
berries, etc.,  are  often  grown  with  advantage  between  the  rows  so 
that  a  considerable  income  from  this  source  may  be  obtained  before 
the  berry  plants  fully  occupy  the  ground. 

Pruning. —  Summer  pruning  of  red  raspberries  is  not  generally 
practiced  but  may  often  be  done  with  advantage  to  black  rasp- 
berries and  blackberries.  It  consists  in  pinching  or  cutting  off 
the  tender  ends  or  tips  of  the  new  shoots  at  a  height  that  may 
vary  from  eighteen  inches  to  twenty-four  or  even  thirty,  the  black- 
berries usually  being  pinched  somewhat  lower  than  the  black 
raspberries.  The  result  of  this  pruning  is  the  formation  of  rather 
low  stocky  plants  with  numerous  lateral  branches  which  will  not 
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require  a  trelHs.  As  the  young  plants  do  not  ail  develop  at  the 
same  time  it  is  necessary  to  go  over  the  plantation  several  times 
in  order  to  pinch  the  growth  at  the  proper  height. 

The  canes  growing  one  summer,  bear  fruit  the  next  season  and 
then  die,  while  new  canes  develop  each  year  for  the  succeeding 
year's  crop.  Frequently  the  canes  which  have  fruited  are  allowed 
to  remain  until  the  following  spring  before  removal,  but  better 
results  are  usually  secured  by  cutting  them  out  and  burning  as 
soon  as  the  berry  crop  is  harvested.  By  this  method  the  insects 
and  fungus  diseases  frequently  infesting  those  canes  may  be  de- 
stroyed, and  the  young  canes  have  more  room  to  develop.  Each 
spring  the  plants  should  be  gone  over,  cutting  off  the  weak  ends 
of  the  canes  and  thinning  out  some  of  the  smaller  ones  where  the 
growth  is  too  dense.  From  three  to  five  canes  per  hill  are  usually 
preferable  to  a  larger  nimiber. 

Winter  protection. —  The  winter  protection  of  the  plants  is  largely 
confined  to  the  colder  climates,  only  those  kinds  being  grown  in 
this  State  commercially  that  withstand  fairly  well  New  York 
conditions.  Blackberries  are  usually  much  more  tender  than  rasp- 
berries. Winter  protection  consists  in  laying  down  the  canes  and 
covering  them  with  a  thin  mulch  of  straw  and  earth. 
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THE   RENOVATION    OF   WORN-OUT 
ORCHARDS.* 


U.  p.  riEDRICK. 


I.    CAUSES    OF   WEARING  OUT. 

Old  age. —  Old  age  with  orchard  fruit  is  a  relative  term.  In 
general,  longevity  depends  upon  the  fruit,  the  variety  and  the 
environment.  The  profitable  bearing  age  of  the  several  fruits  is 
longest  in  the  apple  followed  in  order  by  the  pear,  cherry,  plum 
and  lastly  the  peach.  Some  verieties  live  longer  than  others. 
Peaches  live  from  fifteen  to  twenty  years;  plums,  twenty  to  thirty; 
cherries,  thirty  to  forty;  pears  and  apples  fifty  to  eighty.  Many 
orchards  are  too  old  to  be  worth  renovation. 

Climate, —  A  deleterious  change  in  climate  is  often  assi^ed  as 
a  reason  for  the  deterioration  of  orchards.  Records  show  that 
climate  in  this  region  changes  but  little,  though  it  does  swing 
slightly  from  hot  to  cold  and  from  wet  to  dry  in  cycles  of  a 
<leca<le  or  less.  Such  changes  do  not  greatly  affect  an  apple  or  a 
pear  generation  but  might  shorten  and  reduce  the  value  of  a  peach 
generation.  The  slight  changes  in  climate  do  not  greatly  affect 
orchards. 

Insects  and  fungi. —  Insects  and  fun^  contribute  much  to  the 
downfall  of  orchards.  They  are  continually  increasing  in  kinds 
and  in  individuals.  The  kinds  increase  by  importation  from  foreign 
countries  and  because,  as  natural  food  is  destroyed  by  the  destruc- 
tion of  wild  vegetation,  pests  are  driven  to  cultivated  plants.  The 
individuals  of  the  innumerable  kinds  are  increasing  because  orchard 
areas  are  becoming  more  closely  united  and  so,  as  disease  spreads 
faster  in  a  city  than  in  the  country,  pests  multiply  as  their  feeding 
grounds  become  more  compact. 

Lack  of  care. —  Many  orchards  are  worn  out  because  they  have 
been  neglected.     It  is  the  exception  to  find  an  orchard  that  has 
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been  given  the  care  usually  given  to  other  cultivated  plants.  The 
orchard,  too  often,  is  cared  for  as  a  whole ;  consideration  is  given 
to  tree  and  tree  alike,  rather  than  to  the  individual  in  accordance 
with  particular  needs.  To  keep  trees  from  wearing  out  requires 
that  they  be  cared  for  assiduously  in  niany  particulars  and  as  in- 
dividuals rather  than  in  mass.  Trees  respond  to  good  care  just 
as  corn,  potatoes,  strawberries  or  any  of  the  highly  tilled  crops  do. 
Depletion  of  soil  fertility. —  The  food  account  in  many  orchards 
has  been  overdrawn.  Proofs  are:  Plant  a  young  tree  in  the  place 
of  an  old  one  and  it  dies  or  suffers  from  starvation;  well-fed 
orchards  are  more  fruitful,  the  trees  are  larger,  more  vigorous,  the 
fruit  of  better  quality,  and  the  trees  are  longer-lived;  feed  a  worn- 
out  orchard  and  the  trees  revive  and  approximate  their  former  vigor. 
Soil  exhaustion  is  the  most  potent  cause  of  orchard  deterioration, 

II.   RENEWING  WORN-OUT  ORCHARDS. 

Reduce  the  number  of  trees  if  they  stand  too  thickly. —  There  is 
always  a  tendency  to  plant  too  many  trees  to  the  acre,  with  the 
result  that  the  orchard  deteriorates  from  overcrowding.  Usually 
the  first  step  in  renovating  a  worn-out  orchard  is  to  cut  down  a 
part  of  the  trees.  Hefore  branches  begin  to  touch,  trees  should 
be  thinned. 

Prune  thoroughly. —  lint  few  wom-nut  orchards  have  been  well 
pruned,  a  condition  manifested  by  unsymmelrical  heads,  decay- 
ing branches,  too  many  branches  and  a  great  growth  of  water 
sprouts.  Such  orchards  should  be  pruned  to  correct  the  defects 
mentioned ;  to  let  in  light  and  air ;  to  facilitate  orchard  opera- 
tions; and,  with  an  additonal  cutting  back  of  some  good  wood, 
to  increase  the  vigor  of  the  tree.  Prune  in  late  winter;  make 
the  wound  as  near  the  tree  trunk  as  possible  and  parallel  with 
it;  cover  large  wounds  with  lead  paint;  have  an  ideal  in  mind 
as  to  the  shape  of  the  tree  desired  and  prune  strong  growing 
varieties  lightly  and  weak  growing  ones  severely. 

Drain  wet  lands. —  Many  orchards  are  on  soils  too  wet  to  grow 
good  trees.  Such  soils  shotdd  be  drained  and  all  wet,  sour  spots 
so  commonly  found  in  old  orchards  should  receive  attention. 

Enrich  the  soil. —  Nearly  all  worn-out  orchards  imperatively 
demand  more   food.     Stable  manure  or  cover  crops  and  potash 
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and  phosphoric  acid  in  varying  combinations  to  suit  different 
conditions,  are  the  chief  essentials  for  feeding  worn-out  orchards. 
Some  soils  require  a  good  Hming.  Nitrogen  is  best  suppHed 
through  an  occasional  cover  crop  of  clovers.  Stable  manure  may 
be  needed  to  improve  the  physical  conditions  of  the  soil  as  well 
as  to  supply  food.  With  the  nitrogen  supplied  with  a  cover  crop, 
an  annual  dressing  of  one  part  each  of  acid  phosphate,  ground 
bone  and  muriate  of  potash  at  the  rate  of  from  one  thousand 
to  fifteen  hundred  pounds  per  acre  should  be  applied ;  these  fertilizers 
should  be  varied  in  accordance  with  the  soil,  kind  of  fruit,  variety, 
and  age  and  vigor  of  the  trees.  Apply  fertilizers  before  growth 
starts  in  the  spring  and  work  them  in  with  a  cultivator. 

Remove  old  barb  and  diseased  portions  of  trunk  and  limbs. —  The 
shag^  bark  of  old  trees  harbors  injurious  insects  and  fungi  and 
often  indicates  a  hidebound  condition  of  the  tree.  With  a  short- 
handled  hoe  scrape  off  this  rough  bark.  With  a  draw-shave  or 
sharp  knife  remove  all  signs  of  cankers,  body  blights,  gummosis, 
dead  spots,  borers  or  other  troubles  of  the  wood.  Some  or  all  of 
these  are  to  be  found  in  neglected  orchards. 

Put  in  practice  a  system  of  spraying. —  Follow  the  above  cleans- 
ing process,  before  buds  swell,  with  a  thorough  spraying  of  strong 
copiwr  sulpliate — one  pound  to  fifteen  gallons  of  water  —  to 
destroy  mos.s,  lichens  and  fungi.  Apply  the  seasonal  sprayings  for 
the. several  fruits.  (Consult  Bulletins  170  and  243  from  this 
Station.) 

P/ow  each  Spring  and  cultivate  through  the  grooving  season. — 
Worn-out  orchards  are  usually  in  sod,  and  no  matter  what  the 
system  of  tillage  advocated  may  be,  the  breaking  up  of  the  sod, 
and  subsequent  tilling  for  several  seasons  must  hold  first  place 
as  a  means  of  renovating  old  orchards.  Turn  up  the  soil,  as 
shallow  as  possible  at  the  first  attempt,  in  the  Spring  and  shake 
it  out  with  the  cultivator  several  times  during  the  season  that 
sunlight  and  air  may  enter  in;  that  bacteria  may  live  and  work; 
that  moisture  may  be  conserved ;  that  grass  cannot  take  the  cream 
of  the  land;  and  that  the  storehouses  of  potash  and  phosphoric 
acid  may  be  unlocked. 

Make  yearly  use  of  cover  crops. —  The  soil  of  worn-out  orchards 
is  usually  in  poor  physical  condition  and  the  most  expedient  way 
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of  improving  it  is  by  plowing  under  cover  crops.  Cover  crops, 
if  legumes,  also  add  nitrogen,  and  all  add  humus  to  the  soil ;  rotate 
legumes,  grains  and  cruciferous  plants  in  accordance  with  the  needs 
of  the  land  and  of  the  fruit.  Sow  cover  crops  when  the  trees  have 
made  the  proper  season's  growth  and  plow  under  the  following 
Spring. 

Study  the  trees,  the  soil,  and  the  particular  conditions  of  each 
orchard. —  No  two  worn-out  orchards  have  reached  the  condition 
through  the  same  causes;  hence,  no  two  require  the  same  treat- 
ment in  renovating.  A  special  study  must  be  made  of  each  par- 
ticular case  to  determine  the  treatment  needed. 
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APPENDIX. 


PERIODICALS  RECEIVED  HY  THE  STATION. 

Accliiiiitalion  Compliiiicnlary. 

Agricultural  Epitomist  Complimentary. 

Agricultural  Experimtols  Complimentary. 

Agriculiural  Gazette  of  New  South  Wales  Complimentary. 

Agricultural  Journal  and  Mining  Record  (Natal)  Complimentary. 

Agricultural  Journal  of  the  Cape  of  Good  Hope  Complimentary. 

Agricultural  Ledger  Complimentary. 

Agricultural  News  Complimentary. 

Allegan  Gazette  Complimentary. 

American  Agriculturist  Subscription, 

American  Chemical  Journal  Subscription. 

American  Chemical  Society,  Journal  Subscription. 

American  Cultivator  Complimentary. 

American  Entomological  Society,  Transactions  Subscription. 

1  Fancier  Subscription. 

I  Fertiliier  Subscription. 

American  Florist  Subscription. 

American  Grange  Bulletin  Complimentary. 

American  Grocer  Complimentary. 

American  Hay,  Flour  and  Feed  Journal  Complimentary. 

American  Journal  of  Physiology  Subscription. 

American  Naturalist  Subscription. 

American  Philosophical   Society,   Proceedings  Complimentary. 

American  Poultry  Journal  Complimentary. 

American  Poullryman  Subscription. 

American  Stock  Keeper  Complimentary. 

Analyst  Subscriptif 

Annales  de  I'lnstilut  Pasteur  Siibscriptif 

Annals  and  Magazine  and  Natural  History  Subscription. 

Annals  of  Botany  Subscriptio' 

Archiv  dcr  gesammtc  Physiologic  (Pflueger)  Subscriptioi 

Archiv  fuer  Hygiene  Subscriptio 

Association   Beige  dcs  Chimistes,  HuUetin  Complimentary. 

Australian  Garden  and  Field  Complimentary. 

Bccl  Sugar  GaTiellc  Complimentary. 

Beitragc  iur  Chemischen  Physiologic  und  Pathologje  Subscription. 

Bcrichle  der  deutschen  botanisehen  Gesellsehafi  Sub:icription. 

Berichic  der  deutschen  chemischen  Gesellschaft  Subscription. 

Better  Fruit  Complimentary. 
Biochcniisches  Centralblatt                                               ,.         , ,S^t^qp^tL- 
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Biological  BuUetin  Subscription. 

Bioloeisciies  Centralblatt  Subscription. 

Blooded  Stock  Complimentary. 

Bolctim  da  Agricultura  Complimentary. 

Boletin  de  la  Socicdad  I4acional  de  Agricultura                      Complimtntary. 

Boston  Society  of  Natural  History,  Proceedings                       Subscription. 

Botanical  Gazette  Subscription. 

Botanische  Zcitung  Subscription. 

Botaniscbes  Centralblatt  Subscription. 

Botaniste,  U  Subscription. 

Buffalo  Society  of  Natural  Sciences,  Bulletin                             Complimentary. 

Bulletin  of  tlje  Department  of  Agriculture,  Jamaica  Complimentary. 

Caledonia  Era  Complimentary. 

California  Fruit  Grower  Subscription. 

Canadian  Entomologist  Subscription. 

Canadian  Horticulturist  Complimentary. 

Centralblatt  fuer  Agrikultur-Chemie  Subscription. 

Centralblatt  fuer  Bakteriologie,  etc.  Subscription. 

Chemical  News  Subscription, 

Chemical  Society,  Journal  Subscription. 

Chemiker  Zeilung  Subscription. 

Chemisehes  Centralblatt  Subscription. 

Chicago  Daily  Drovers'  Journal  Complimentary. 

Chicago  Dairy  Produce  ComplimenUry. 

Cincinnati  Society  of  Natural  History,  Journal  Complimentary. 

Colman's  Rural  World  Complimentary. 

Columbus  Horticultural  Society,  Journal  Complimentary. 

Commercial  Poultry  Complimentary. 

Country  Gentleman  Subscription. 

Country  World  Complimentary. 

Criador  Paulista  Complimentary. 

Dairy  and  Creamery  Complimentary. 

Dairy  and  Produce  Review  Complimentary. 

Elgin  Dairy  Report  Complimentary. 

Elisha  Mitchell  Scientihc  Socioty.  Journal  Complimentary. 

Entomological  News  Subscription. 

Entomolofiical  Society  of  Waslriiiglon,  Proceedings  Subscription. 

Entomologischc  Zeitschrift  Subscription. 

Entomolosist  Subscription. 

Entomologists'  Record  Subscription. 

Fanciers'  Review  Complimentary. 

Farm  and  Fireside  Complimentary. 

Farm  and  Live  Slock  Journal  Complimentary. 

Farm  Journal  Complimentary. 

Farm  Life  Complimentary. 

Farm  News  Complimentary. 

Farm  Poultry  Semi-Montlily  Complimentary. 

Farm.  Stock  and  Home  Complimentary. 
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Farmers'  Advocate 

Farmers'  Call 

Farmers'  Guide 

Farmers'  Progress 

Farmers'  Sentinel 

Farmers'  Tribune 

Farmers'  Visitor 

Farmers'  Voice 

Feather 

Feathered  World 

Floral  Life 

Florists'  Exchange 

Flour  and  Feed 

Flour  Trade  News 

Fruit  Grower 

Fueh ling's  Landwirtschafilichc  /rilimg 

Garden 

Garden  Magazine 

Gardeners'  Chronicle 

Gardening 

Garten  welt 

Gleanings  in  Bee  Culliire 

Green's  Fruit  Grower 

Hart  wick  Seminary  Monthly 

Hedwigia 

Herd  Register 

Hoard's  Dairyman 

Hoist ein-Friesian  Register 

Holstein-Friesian  World 

Homestead 

Horticulture 

Horticultural  Visitor 

Hygienische  Rundschau 

Indiana  Farmer 

Insect  World 

Ithaca  Democrat 

Jahresbericht  der  Agrikullur-Chemie 

Jahresbcricht  Garungs-Organismcn 

Jahresbericht  der  Nahrungs-und  Grnusiiihlrl 

Jahresbericht  Pflanzenkrankheiten 

Jahresbericht  der  Tier-Chemie 

Jersey  Eulletin 

Journal  of  Agricultural  Science 

Journal  of  Agriculture,  Victoria 

Journal  of  Biological  Chemistry 

Journal  de  Botanique 

Journal  of  the  Dep't  of  Agriculture  i.t  Winlcn 

Journal  of  Experimental  Medicine 

Journal  of  Experimental  Zoology 


Complimentary. 

Complimentary. 

Complimentary. 

Complimentary. 

Complimentary. 

Complimentary. 

Complimentary. 

Complimentary. 

Subscription. 

Subscription. 

Subscription. 

Subscription. 

Complimentary. 

Complimentary. 

Complimentary, 

Subscription. 

Subscription. 

Subscription. 

Subscription. 

Subscription. 

Subscription. 

Complimentary. 

Complimentary. 

Complimentary. 

Subscription. 

Complimentary, 

Complimentary. 

Complimentary. 

Complimentary. 

Complimentary. 

Subscription. 

Complimentary. 

Subscription. 

Complimentary. 

Complimentary. 

Complimentary. 

Subscription. 

Subscription. 

Subscription. 

Subscription. 

Subscription. 

Complimentary. 

Subscription. 

Complimentar]'. 

Subscription. 

Subscription. 

Complimentary. 

Subscription. 

Subscription. 
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I'eriodicals  Received  by  the 


Journal  fuer  Landwirlschafl 

Journal  of  Mycology 

Journal  of  Physiology 

Just's  Botanischer  Jahrcsbericht 

Kimball's  Dairy  Farmer 

Landwirtschattlichcr  Jahrbuch 

Landwirtschafllieher  Jahrbuch  der  Schweiz 

Lardwirtschafllichen  Versuchs-Slationen 

LJve  Stock  and  Daily  Journal 

Live  Stock  Reporl 

Long  Island  Democrat 

Metropolitan  and  Rural  Home 

Michigan  Farmer 

Milch  Zeitung 

Milchwirtschaftliches  Zeniralblalt 

Minnesota  and  Dakota  Farmer. 

Mirror  and  Farmer 

Monthly  Weather  Review 

National  Nurseryman 

National  Farmer  and  Stock  Grower 

National  Stockman  and  Farmer 

Natural istc  Canadienne 

Nebraska  Farmer 

New  England  Farmer 

New  York  Academy  of  Science,  Annals  and  Ti 

New  York  Botanical  Garden,  Bulletin 

New  York  Entomological  Society,  Journal 

New  York  Farmer 

New  York  Fruil  and  Produce  News 

New  York  Tribune  Fanner 

New  Zealand  Dairyman 

North  American  Horticulturist 

Northwest  Pacific  Farmer 

Ohio  Farmer 

Ohio  Poultry  Journal 

Pacific  Coast  Fanciers'  Monthly 

Photo- Miniature 

Pacific  Fruit  World 

Popular  Agricutiurist 

Poultry  Herald 

Poultry  Keeper 

Poultry  Industry 

Poultry  Monthly 

Practical  Farmer 

Practical  Fruit-Grower 

Prakiische  Blatter  fuer  Pflanzenschutz 

Queensland  Agricultural  Journal 
Rabciihorst's  Kryptogamen- Flora 


Subscription. 

Subscription. 
Subscriptic^i. 
Subscription. 

Subscription. 
Subscription, 
Subscription. 
Complimentary. 
Complimentary. 
Complimentary. 
Complimentary. 
Compli  m  en  tary. 
Subscript!  Ml. 
Subscription. 
Complimentary. 
Complimentary. 
Complimentary. 
Complimentary. 
Complimentary. 
Complimentarj-. 
Complimentary. 
Complimentary. 
Complimentary. 
Subscription. 
Complimentary. 
Subscription. 
Complimentary. 
Compt  imen  tary . 
Complimentary. 
Complimentary. 
Complimentary- 
Complimentary. 
Complimentary. 
Subscription. 
Subscription. 
Subscription. 
Complimentary. 
Complimentary. 
Subscription. 
Complimentary. 
Complimentary. 
Complimentary. 
Complimentary. 
Complimentary. 
Subscription. 
Subscription. 
Complimentary. 
Subscription. 
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Reliable  Poultry  Journal  Subscription. 

Republic  Subscription. 

Revue  Generale  de  Botanique  Subscription. 

Revue  Generate  du  Lait  Subscription. 

RevUE  Honicole  Subscription. 

Revue  Mycologique  Subscription. 

Royal  Agricultural  Society,  Journal  Subscription. 

Royal  Horticultural  Society,  Journal  Subscription. 

Rural  New  Yorker  Subscription. 

Salt  Lake  Herald  Corapliinentary. 

Saint  Louis  Academy  of  Science,  Transactions  Complimentary. 

Sanitary  Inspector  Complimentaiy. 

Science  Subscription. 

Scientific  American  Subscription. 

Scientific  Roll.  Bacteria  Subscription. 

Skanealeles  Democrat  Complimentary, 

Society  of  Chemical  Industry,  Journal  Subscription. 

Societe  Entomologique  de  France,  Bulletin  Complimentary. 

Societe  Mycologique  de  France,  Bulletin  Subscription. 

Southern  Planter  Complimentary. 

Southern  Tobacconist  and  Modem  Farmer  Complimentary. 

Southern  Farm  Magazine  Complimentary. 

Southwestern  Farmer  and  American  Horlieulttirist  Complimentary. 

Southwestern  Farmer  and  Breeder  Complimentary. 

Station,  Farm  and  Dairy  Complimentary. 

Stazione  Sperimentale  Agrarie  Italiaiie  Complimentary. 

Successful  Farming  Complimentary. 

Sugar  Beet  Complimentary. 

Texas  Stockman  and  Farmer  Complimentary. 

Torrey  Botanical  Club.  Bulletins  and  Memoirs  Subscription. 

Transvaal  Agricultural  Journal  Complimentary. 

Up-to-Date  Farming  and  Gardening  Complimentary. 

Utica  Semi-Weekly  Press  Complimentary. 

Wallace's  Farmer  Complimentary. 

West  Indian  Bulletin  Complimentary. 

West  Virginia  Farm  Review  Complimentary. 

Western  Fruit-Grower  Complimentary. 

Western  Plowman  Complimentary. 

Zeitschrift  fuer  Analytische  Chemic  Subscription. 

Zeitschrift  fuer  Biologic  Subscription. 

Zeitschrift  fuer  Entomologie  Complimentary. 

Zeitschrift  fuer  Fleiseh  und  Milch  Hygiene  Subscription. 

Zeitschrift  fuer  Hygiene   und   Infektions   Krankheilen  Subscription. 

Zeitschrift  fuer  Pflanzenkrankheilen  Subscription. 

Zeitschrift  fuer  Physiologische  Chemie  Subscription, 


Zeitschrift  fuer  Untersuchung  dec 


Zoological  Record 
Zoologischer  Anzeiger 


N  ah  rungs  und  Genussmittel 

Subscriptior 
Subscriptior 
Subscriptior 
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Acetic  acid,  action  upon  casein 259 

Acids,  action  on  casein 18 

adsorption  by  casein 262 

dilute,  action  upon  casein 203 

effect  of  temperature  on  action  on  casein 233 

Adaptations  of  groups  of  apples 340 

Adsorption  of  acids  by  casein 362 

Air  currents,  effect  on  distribution  of  apples 352 

temperatures,  thermometric  readings 460,  461,  464 

Alfalfa   dodder   experiments,   location 13 

Altitude,  effect  on  distribution  of  apples 350 

Animal  Husbandry,  Department  of,  report 25 

summary  of  work  in 14 

Aport  group  of  apples 343 

Apple  and  pear  mites,  study  of 20,  297 

districts  of  New  York,  varieiies  adapted  to 21,  337 

groups,  adaptation  of 340 

leaf  blister  mite  on 13' 

rust,  confused  with  mite  injury 317 

Apples,  adaptation  of  groups  340 

catalogue  of  varieties  (Alphabetically  arranged) 373^397 

distribution  of  varieties 338 

factors    governing    distribution 350 

for  Central  Lakes  pomologjcal  district 363 

Eastern  Plateau  of  New  York 361 

Erie  Shore  pomological  district 366 

Hudson  Valley  pomological  district 357 

Long  Island  pomological  district 355 

Mohawk  Valley 360 

Ontario  Shore  pomological  district 364 

St.  Lawrence  and  Champlain  valleys 3S9 

Western  Plateau  of  New  York 367 

groups  of 343 

undesirable  varieties 369 

untested 369 

varieties  for  New  York  fruit  districts 21,  337 

Arsenite  of  soda,  insecticidal  value  on  potatoes 179 

Autopsy  on  tuberculous  cows S3 
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Bacteriology,  Department  of,  report 107 

summary  of  work  in 16 

Baldwin  group  of  apples 343 

Bang  method  of  controlling  tuberculosis 16 

application  in  Station  herd 41 

outline  of, ,V 

tests a7 

Ben  Davis  group  of  apples 343 

Bibliography  of  currant  rust  fungus igb 

Eriophyes   pyri 331 

filack  Gilliflower  group  of  apples 343 

Blackherries.  cultural  directions 445 

desirable  kinds 436 

earliness,  notes  on 435 

fertilizers  for 445 

hardiness,  notes  on 435 

leafy-cluster,  notes  on  4^2 

long-cluster,  notes  on 436 

loose-cluster,  notes  on 443 

preparation  of  land  for 445 

propagation  and  selection  of  plants 446 


selection  of  varieties 446 

short-cluster,  notes  on   439 

soil  for. 445 

treatment  of  plantations 447 

varieties  and  culture,  notes  on 415 

varieties  described: 

Agawam 439 

Allen 436 

Ancient  Briton 43^ 

Black  Chief 439 

Bow  Cane 443 

Chautauqua 4.i7 

Childs  Tree 444 

Clark 417 

Clifton 442 

Dorchester 442 

Early  Harvest 44^ 

Early  King 413 

Early  Mammoth 443 

Eldorado. : 437 

Florence 437 

Fru'tland 439 

Ida 443 

Kittalinny 439 

I-ovett 4-;0 

Mersereau +J0 

Minncwaski 
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Index.  475 

Blackberries,  varieties  described :  page 

New  Rochelle 440 

Ohmer 438 

Rathbun 444 

Reyner. 438 

Snyder 44' 

Success 441 

Stone  Hardy 43** 

Taylor 442 

Tyler. 44^ 

Wachusett 438 

Wilson,  Jr 444 

variety  tests  23 

winter  protection  448 

Blackberry  plants,  setting  446 

Blister  mite  experiments,  location 13 

Blue  Pearmain  group  of  apples 334 

Booth,  N    O.,  bulletin  by 337 

Bordeaux  mixture,  insectieidal  value  on  potatoes 176 

soda  versus  lime,  for  spraying  potatoes 174 

Botanical  Department,  report  of 117 

Botany,  summary  of  work  in 17 

Brainerd  and  Beaumont,  potato  spraying  experiment  by 133 

Building   equipment,   additions 10 

Bulletin  No.  275,  reprint 337 

276,  reprint  398 

277,  reprint   27 

278,  reprint  415 

279,  reprint  119 

28r,  reprint  289 

282I  reprint  109 

283,  reprint   297 

284,  reprint  7 

li'chnical.     (See  Technical  bulletin.) 

Bi.lletins.  distribution  9 

issued  during  yeai" 23 

technical,  list  of 24 


Casein,  acidity  indicated  by  phenolphthalein 18 

action  of  acetic  acid  upon 259 

dilute  acids  on 18,  203 

hydrochloric  acid  on 226,  227 

lactic  acid  on 256 

sulphuric  acid  on 251 

adsorption  of  acids  by 262 

effect  of  temperature  on  action  of  acids  on 232 

hydrolysis  of  sodium  salt  of ■■..   2781 

method  of  preparing ■.■.UV-. liJ^Wl^ 
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PAGE 

Catalogue  of  apple  varieties.     (Alphabetically  arranged.) 373~397 

Central  Lakes  pomological  district  ot  New  York,  apples  for 363 

Circular  No.  6,  reprint 449 

7,  reprint 106 

Circulars  issued  24 

Champlain  and  St.  Lawrence  valleys,  apples  for 359 

Changes  in  Station  staff y 

Chemical  Department,  report  of aor 

Chemistry,  summary  of  work  in 18 

Chenango  group  of  apples 344 

Clark,  Datus,  potato  spraying  experiment  by 150 

Cold  water  for  spraying  potatoes 180 

Cows,  tuberculous,  autopsy  on S3 

sale  for  beef 51 

CTonariium  ribkola.     (See  Currant  rust) 

Culture  of  blackberries,  notes  on 445 

raspberries,  notes  on 445 

strawberries,  notes  on 411 

Cultures,  commercial,  for  legumes,  examination 16 

quality 109 

Currant  rust,  attempted  eradication 195 

European,  outbreak  of 188 

fungus,  bibliography  igS 

distribution 191 
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